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arctic performance 


Men of the RCAF—aircrew and groundcrew alike— 
have learned to work with the demanding elements of the Arctic. 


Their resourcefulness and courage are our greatest assets 
in maintaining our wide-ranging, defence system. 
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the great private French carrier 
specializing 
in long-range African services 


day by day enhances 
its international reputation 


through 


% the extent of its equipment: ultra- 
modern repair shops occupying nearly 


39,000 sq.ft. of covered area 


% the quality of its fleet : Super DC-6 Bs, 
DC-4s, Nord 2502s, Herons (several four- 
jet DC-8s on order) 


% the extent of its network : 50,000 miles 


% the quality of its crews, the world’s most 
highly trained crews on the African 
routes 


% the reputation of its service : rewarded 


with the seal “ Qualité France” 
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Zurich, 
Switzerland’s business and 

tourist center NEAR EAST 
offers you direct flights 

to all continents 


SOUTH AMERICA 
and to the most important 
cities of Europe 


EUROPE 



































AUSTRALIA 


ZURICH 
INTER- 
CONTINENTAL 


AIRPORT 


Important link in World-Wide Air-Traffic 
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A new type of fuel truck solves the problem of rapid and 
economical refueling for jet-powered commercial aircraft. Here 
are its characteristics : 


Capacity : 10,000 Imp.gals. Delivery rate 750 Imp.gals/min. 


Independent control of the individual delivery points through STRUVER 
control valves. 


Constant pressure at hose end even with varying flow strength. Control 
pressure can be pre-selected within a range of 20 to 50 p.s.i. 


Accurate measurement of fuel quantity for both delivery and return. 
Foolproof and rapid fueling, thanks to rational arrangement of fittings 
Corrosion-resistant, cantilever light metal tank, hence high payload. 


Better water separation and shorter overall length through the STRUVER 
patent double wedge shape of the tank. 


STRUVER HAMBURG 
TANK WAGENBAU 


AY 


AD. STRUVER GMBH TANKWAGENBAU HAMBURG 








in Scheduled Service Now! 





New jet-age passenger appeal—new airline profit potential 


Maximum return with minimum investment — 
Electra promises new over-all airline profits in several ways: 
(1) Costs less than any comparable airliner. (2) Its opera- 
tional flexibility means it can serve 95 °/9 of all airline traffic 


generated at 77 °/o of all present-day airports, using existing 


runways, hangars, maintenance facilities. (3) Electra’s uni- 
versal capabilities promise profits even on short hauls. In 
fact, a recent airline study indicated a return on investment 
higher than 20°/) on a 200-mile segment; as much as 40°/o 


on a 500-mile hop! 


























The world’s fastest prop-jet airliner, Lock- 
heed’s new Electra taxis out fast, takes off in a 2,850- 
foot ground run, climbs to cruise altitude more swiftly. 
1000 foot landings from touch down enable airlines to 
give jet-travel to present airports. 


— 


All-weather scheduling — Electra can be dis- 
patched to any altitude from 5,000 to 25,000 feet to 
avoid bad weather or heavy traffic—and complete a 
typical 400-mile flight with less than 1/9 variation in 
speed. 





Electra costs less to operate ($1.70 per mile 
on a 200-mile flight versus a $2.30 average for other 
turbine airliners). It can economically serve many-stop 
flights as well as longer-range flights to 3,400 miles. 





As passengers embark, Electra is serviced and 
baggage is loaded simultaneously. New service center 
concept speeds maintenance, and plug-in units permit 
fast replacements if needed. Passengers can carry lug- 
gage on and off for extra time savings. 


Electra’s unique constant-speed G. M. Alli- 
son Prop-Jets end annoying engine fluctuations. 
Pilots can depend on instant power response in case 
of wave-off—can hold for long periods with economy 
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Quiet, vibration-free luxury — Electra’s broad, 
spacious cabin permits wider seats regardless of the 
configuration. Windows at each seat row give even the 
aisle passengers a clear view. New radiant heating and 
no-draft air conditioning further assure passenger com- 
fort. 


NOW IN SERVICE ON EASTERN AIR LINES. SOON ON: 

AERONAVES DE MEXICO : AMERICAN AIRLINES - ANSETT/ANA - 

AIRWAYS - KLM ROYAL DUTCH AIRLINES - NATIONAL AIRLINES - 
QANTAS EMPIRE AIRWAYS - TASMAN EMPIRE AIRWAYS .- 


CATHAY-PACIFIC AIRWAYS - GARUDA INDONESIAN 
PSA—PACIFIC SOUTHWEST AIRLINES 
WESTERN AIRLINES 


BRANIFF AIRWAYS - 
NORTHWEST ORIENT AIRLINES . 
TRANS-AUSTRALIA AIRLINES - 


LOCKHEED AIRCRAFT CORPORATION, Burbank, California/USA 





MESSIER 


...iS honoured to be associated with 
French aviation’s greatest successes 





Undercarriages, wheels, brakes, circuits and servo mechanisms 
58, Rue Fenelon - MONTROUGE (Seine) - Tel. : ALE. 22-36 
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highest 
point-to-point. ’ 
speed ses 
ot 

any jetliner 
in its _ 
class... Boeing 






The short-to-medium range Boeing 720 has a higher point-to-point speed than 
any other jetliner in its class. By increasing the angle of sweep-back of the inboard 
wing, Boeing stepped up the 720’s cruise speed to 614 miles an hour, and its Mach 
limitation number to .90. 

Sister ship of the CAA-certified 707, the 720 incorporates design advances based 
on a continuing prototype flight-test program. The 720 incorporates, also, all of 
the advantages of the experience Boeing gained in building over 1600 large, multi- 


jet aircraft — more than any other company in the world. 

















These airlines have ordered Boeing 
707 and 720 jetliners: 

AIR FRANCE-:AIR INDIA 
AMERICAN : B.0.A.C.+ BRANIFF 
CONTINENTAL: CUBANA 
LUFTHANSA >: PAN AMERICAN 
QUANTAS - SABENA 
SOUTH AFRICAN - TWA: UNITED 
VARIG + Also MATS 





SSOIEMRs F720 








Power for the new Agusta AZ-8 


Powered by 4 Alvis Leonides engines, the new AGUSTA 
AZ-8 can take off in less than 2,000 feet at a maximum all-up 
weight of 24,900 lb. Its maximum economy is achieved on a 
stage-length of 375 to 500 miles. On this stage distance, the 
AZ-8 will have the lowest operating cost of any medium-range 
transport at present in service. Remarkable performance and 
outstanding economy in operation are features to be expected 
where Alvis Leonides provide power. 


GS vans See 
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Deadline Notes 


@® The ICAO Council has announced the election of William G. 
Algar of Eire, Colonel A. E. Chagas of Brazil and Henry Sdéderberg 
of Sweden as its Vice-Presidents for the coming year, and the re- 
election of A. X. Pirson of Belgium as Chairman of its Air Trans- 
port Committee. The 21-nation ICAO Council is the executive body 
of the Organization, and its President is Walter Binaghi. At its 
meeting on November 4th, the Council decided to convene a special 
meeting in Paris beginning January 12th, 1959, of the 14 states 
now participating in joint financing arrangements for air navi- 
gation facilities and services in Iceland, Greenland and the Faeroe 
Islands. They will consider the joint financing of a new plan involv- 
ing the laying of a special transatlantic cable to improve the point- 
to-point communications system for aviation in the North Atlantic 
area. The present high-frequency radio teletypewriter circuits 
across the North Atlantic are subject to frequent radio blackouts 
caused primarily by the Aurora Borealis, and the cable is designed 
to avoid the serious delays and inconveniences which air traffic 
flying between Europe and America has experienced for this reason. 
The Paris meeting will be the second special North Atlantic Fixed 
Services Meeting. The first, held in Montreal last year, recom- 
mended a system making use of a new ionospheric “ forward scat- 
ter” technique. Unfortunately, this forward scatter system was 
unable to meet technical specifications in all respects, in addition 
to costing more than originally estimated, and the all-cable system 
is now being put forward as a replacement. 


@ Weather ships manning the ICAO North Atlantic Ocean Stations 
Network rescued 34 people from the sea during 1957. The network 
consists of nine stations manned by vessels supplied or paid for by 
16 of ICAO’s member nations whose airlines fly across the North 
Atlantic. The stations give surface and upper air weather infor- 
mation for use in meteorological forecasting, search and rescue 
services, communication, relay points and navigational aid to air- 
craft flying between Europe and America. Although the ships’ 
search and rescue facilities were primarily designed for aircraft 
use, the vast majority of cases in which this help has been necessary 
has involved surface vessels. The report on the operation and utili- 
sation of the ocean stations for 1957 gives details of the services 
rendered by the ships. They steamed a total distance of 15,074 
nautical miles on search and rescue assignments, rendered medical 
assistance to ships at sea 15 times, received 11 aeronautical and 
550 maritime SOS messages. During their routine functions, they 
made radio contact with 42,896 aircraft and with 8,958 ships ; they 
provided navigational assistance to aircraft flying across the Atlan- 
tic in the form of 35,317 radar fixes and 8,527 non-scheduled radio 
beacon transmissions. 


® International Air Transport Association statistics show that 
more than 465,000 passengers flew across the North Atlantic this 
summer (July, August, September). Economy Class services carried 
a total of 319,817 travellers (or 68.5 percent of the total) ; 77,623 
travelled First Class, and 69,453 went Tourist, for an overall total 
of 466,893 airline passengers. Total passenger traffic for the third 
quarter of 1958 was up 35.2 percent over the same three months 
of 1957 (345,449 passengers), and 28.1 percent over the second 
quarter of this year (335,615 passengers). During the third quarter 
of 1958, IATA airlines operated a total of 10,253 North Atlantic flights, 
up 25.4 percent from the previous summer. Seats available were 
up by 39.4 percent. Westbound travellers outnumbered those flying 
East during the summer : 277,944 to 188,949. Cargo traffic during 
the period was up 33 percent to a total of 6,596,321 kg carried ; 
mail carriage increased 19.2 percent to a total of 2,503,589 kg. 
There were 539 all-cargo flights during the quarter. 


@ The first really large group is emerging from the British inde- 
pendent operators. The amalgamation plans for Airwork, Air 
Charter and Transair have been going on steadily behind the 
scenes. It is now known that the Safari operations of Airwork are 
to be transferred to Gatwick under the aegis of Transair. Later 
Southend will become the operating base for long-range flights 
at present run by Airwork from Blackbushe. Airwork will thus 
become the holding company, and Air Charter and Transair the 
operating side. Early next year, Air Charter and Transair will 
adopt a new common name. The joint fleets of Airwork, Air Char- 
ter and Transair at present total 43 aircraft. On order are two 
Viscout 800s for Airwork and a Britannia for Air Charter. Air 
Charter is understood to have options on two more Britannias. 


@ British Overseas Airways Corporation has already received 
2,500 bookings up to Christmas for the daily Comet 4 service be- 
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tween London and New York which was opened on November 14th. 
The latest statements on the Corporation’s plans for future Comet 
services reveal that the jets will be introduced on the Tokyo route 
next April and on the Australian route towards the end of 1959. 
South Africa and perhaps South America are scheduled to get jet 
services early in 1960, as Comets are released from the North 
Atlantic route with the introduction of Boeing 707-420s. BOAC 
Chairman Sir Gerard d’Erlanger has also stated that the Corpora- 
tion will operate its first round-the-world route on April 1st, when 
Britannias will fly from London to Tokyo and Hongkong via New 
York, San Francisco and Honolulu. 


@® The 1957 Annual Report of the Canadian Air Industries and 
Transport Association contains the following main points : Without 
a long-range programme, the aircraft industry cannot hope to hold 
on to the skilled men it now has. It cannot continue to pump money 
into research and better production facilities without a guarantee 
that this money would be well spent. It would benefit from joint 
Canada-United States participation in production of the weapons 
North America is counting on for defence. In 1957 Canada produced 
products worth $425 million, and is thus the world’s fifth aircraft 
builder. From 1950 to 1957, the number of domestic air passengers 
more than doubled from 1.02 million to almost 2.9 million. Due to 
the economic recession, the operating revenues of Canadian air 
carriers were held to an increase of only 3.6 percent in 1957 as 
compared to about 20 percent in the previous year. Operating 
expenses increased by 7.2 percent. The resulting surplus for the 
year at $1.5 million was considerably below the $7.5 million of 1956. 
Scheduled air carriers with combined operating revenues of 
$151 million recorded an operating deficit of $330,000 in 1957, while 
non-scheduled carriers with revenues of $37 million aggregated a 
surplus of $2 million. The decrease in the level of business activity 
and the decrease in northern development generally was reflected 
in cargo and airmail revenues which dropped 15.1 percent. Interna- 
tional traffic carried by Canadian operators in 1957 totalled 459 mil- 
lion passenger miles, a 32 percent increase over 1956. 


® Douglas Aircraft Company has been awarded a contract for more 
than $79 million for production of A4D-2N Skyhawk aircraft for the 
U.S. Navy. Improved weather and navigation capabilities plus pres- 
sure fuelling and in-flight refuelling are advanced features of the 
A4D-2N, the third version of the A4D jet light attack aircraft. The 
new Skyhawk is powered by a single Wright J-65 (Sapphire) 
turbojet engine. It has the same basic configuration as the A4D-1 
and A4D-2, but its nearly 40-ft. length is almost a foot longer than 
the two previous versions. The A4D-2N is at present under flight 
evaluation at Edwards Air Force Base, California. 


@ Topp Industries, Inc., Los Angeles, manufacturers of automated 
devices for industry, has announced plans for the acquisition of 
U.S. Semiconductor Products, Inc. of Phoenix, Arizona, and an affi- 
liated company, U.S. Electronics Development Corporation. U.S. 
Semiconductor and U.S. Electronics Development Corporation are 
manufacturers of diodes and other semiconductor devices, tantalum 
capacitors, and basic silicon materials for infrared applications. 
B.F. Gira, President of Topp Industries, in a joint statement with 
the presidents of the other two companies, said that in the overall 
programme the latter would remain at their present site in Phoenix, 
but that an expansion programme has been prepared. No change 
in operating personnel is contemplated. A plan for the exchange of 
stock is being drawn up for submission to stockholders. 


@ Materials for Electronics Inc., a new company with headquarters 
in New York, has been formed to supply the United States electronics 
industry with special purpose chemicals, metals, ceramics, minerals, 





INTERAVIA Essay Competition 


Participants in the INTERAVIA Essay Competition are again reminded 
that all manuscripts must reach the INTERAVIA Secretariat, 6, Corra- 


terie, Geneva, not later than 
12 noon on December 31st, 1958. 
All entries must be typewritten and submitted in two copies. 
The two subjects proposed were announced in the June 1958 issue 
and repeated in the November issue, page 1141. 
INTERAVIA S.A., Geneva 
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and components. The products of six countries—Belgium, Brazil, 
France, Germany, Great Britain and Italy—will be marketed. 
M. J. Rafale, President of the concern, investigated approximately 
50 European research and development laboratories recently, 
inspecting their materials and collecting samples of exceptional 
items. He states that negotiations with sources in other nations are 
in progress. 


@ The Royal Air Force has decided not to proceed with develop- 
ment of the Scorpion liquid-propellant rocket for the English Elec- 
tric Lightning. It is believed that changed operational requirements 
are the cause of this, but that it in no way indicates the cancellation 
of development work on later versions of the Lightning. Alter- 
native means have been found to obtain higher altitude performance 
(i.e., 60,000 ft. and above), and later stage guided weapons, such as 
the Firestreak development mentioned recently, could extend the 
range and accuracy of the weapons system. Napier’s establishment 
at Luton has been forced to give notice to some 140 staff because of 
the cut in the Scorpion programme. 


@ Royal Netherlands Aircraft Factories Fokker at Schiphol, 
Amsterdam, have announced the appointment of Air Commodore 
K.J. McIntyre as their resident representative in the United King- 
dom. Prior to his retirement from the RAF last March, Air 
Commodore McIntyre was Director of Policy (Air Staff) at the Air 
Ministry. 

@ Tests on the new EFA parachute-ejection seat designed for use 
in the T-23 and Fouga trainers have now been completed, with 
satisfactory results. The harness of this equipment has an EFA 
Tyre 30S chrono-barometric release system which ensures automatic 
opening, though the parachute can also be fitted with a normal 
manual release system. The EFA escape equipment can be supplied 
as a parachute alone, a parachute-cum-ejection seat complete with 
oxygen set, or as a parachute with sea survival package (pneumatic 
boat and oxygen) or desert survival kit. 


@® Aeroquip A.G. is the name of a newly formed Swiss subsidiary 
of Aeroquip Corporation, Jackson, Michigan. The new firm has a 
basic capital of 425,000 Swiss francs, divided into 425 shares of 
1,000 francs each. The only Board Member appointed so far is 
Dr. Eric Homburger, of Zurich. Aeroquip A.G. will purchase 
holdings in other Swiss and foreign companies ; acquire, exploit, sell 
and supply production methods and technical data ; develop, manu- 
facture and sell fittings, couplings and hoses, etc. for the aircraft 
industry and freight tie-down equipment for aircraft applications as 
well as other products manufactured by Aeroquip Corporation and 
its associated companies. 


@ Progetti Costruzione Aeronautiche, Milan, is about to complete 
work on two prototypes of the Neeff F. 400 Cobra two-seat version, 
which are scheduled to begin their flight tests in the spring. Three 


and four-place versions are under development. Work on another 
prototype, the Neeff F.15 Picchio designed by Stelio Frati is also 
nearing completion. This is a three-place aircraft ; 160 h.p., max. 
speed 185 m.p.h., plywood and metal construction. 


@ Aviamilano, Milan, is building a prototype of the P.19 light 
aircraft designed by Ing. Preti. The aircraft will participate in a 
competition for trainers and light aircraft organized by the Italian 
Aero Club. The winning aircraft will be put into quantity produc- 
tion and supplied to flying clubs throughout Italy and to private 
persons, who will receive a Government subsidy amounting to as 
much as 50 percent of the price. 


@ An international aviation event which is expected to rival 
Britain’s Farnborough Air Display and France’s Paris Air Show 
has been announced by the United States Air Force Association. 
To be held in Las Vegas, Nevada, from April 12th to 19th, the First 
World Congress of Flight will have the following objectives : Estab- 
lish flight as a major instrument of policy for America and the Free 
World ; seek common goals for all elements of flight ; present air- 
craft, missiles and spacecraft in a unified concept ; bring together 
the designers, producers, operators and users of flight vehicles for 
their mutual benefit ; combine regular meetings of many individual 
organizations into one place and at the same time make available 
in joint conferences the sum of the best thinking on current prob- 
lems. In revealing plans for the World Congress, AFA President 
Peter J. Schenk said that the AFA will have the cooperation of other 
interested groups, including the Air Transport Association, the 
Flight Safety Foundation, the Space Education Foundation, the 
National Aeronautics Association, and the United States Air Force. 
Several major international groups are now planning to hold meet- 
ings in Las Vegas in conjunction with the event. These will include 
an international Flight Safety Conference of the Flight Safety 
Foundation, and the annual meeting of the Air Age Education 
Council of the Fédération Aéronautique Internationale. ‘The con- 
ferences will be held in the new Las Vegas auditorium, together 
with a huge exhibition of aerospace equipment. In addition to these 
conferences, the World Congress will feature at the Las Vegas air- 
port—McCarran Field—an exposition of the new commercial jet 
and turboprop aircraft and related equipment. Other exhibits will 
provide a showcase for utility, business, and personal aircraft and 
helicopters. Military aircraft, missiles and related equipment will 
be on view at nearby Nellis Air Force Base, and demonstrations of 
military equipment will be held at the Nellis range. The general 
programme is as follows : April 12th : Press briefings and inspection 
of exhibits and displays ; April 13th-14th : The Jet Age—conferences 
and demonstrations ; April 15th: Military flying and fire-power 
demonstrations, reception and Western buffet dinner ; April 16th- 
17th : Missiles and Space—conferences and displays ; April 17th: 
World Congress of Flight Banquet; April 18th-19th : exhibits and 
displays open to the public. 


e The Pirna 014 jet engine destined for 
the Type 152 has completed its endurance 
bench tests and is now in quantity produc- 
tion. Further details of the engine were 
announced at the 2nd Polytechnical Meet- 
ing held in Dresden from October 3rd to 
5th : 12-stage axial compressor; cannular 
combustion chamber with 12 burners; 2- 
stage turbine; take-off thrust 6,940 Ib. 
at 8,000 r.p.m.; compression ratio 7:1; 
airflow is approx. 110 lb./sec. 


e First operational tests in which the 
Raytheon Hawk surface-to-air missile was 
fired against the Lockheed XQ-5 ramjet- 
powered supersonic target drone were suc- 
cessful. 


@ New versions of the Jindivik pilotless 
target aircraft, in production at the Aus- 
tralian Government Aircraft Factories, 
have been announced: Mark 2a (still in- 
corporating the ASV.3 engine); Mark 2b 
(fitted with ASV.8); and Mark 3 (with 
ASV.11). The Jindivik order book is now 
approaching 200. 


e Sud-Aviation SE.118 Diplomate is the 
type designation of a new communications 
and small transport aircraft, powered by 
two Turboméca Bastan turboprops. It has 
a normal accommodation for eight passen- 
gers but two additional seats can be fitted 
if required. 


e The Max Holste MH.250 Super Brous- 
sard, which is due to begin flight testing 
early in 1959, will initially be equipped with 
two Pratt & Whitney R-1340 piston engines. 
However, as soon as airframe and equip- 


1232 


Workshop Briefs 


ment tests have been completed, the piston 
engines will be replaced ‘by Turboméca 
Bastan turboprops. The MH.250 is a feeder 
transport for 18 to 20 passengers. 


e The North American B-70 chemical 
bomber programme has been slowed down, 
partly because of turbojet engine problems. 
Despite research with new heat-resistant 
alloys and cooled turbine blades, the boron- 
enriched fuel is too erosive and hot to per- 
mit blade lifetime longer than a few hours. 


@ The U.S. Air Force recently placed an 
order for the twin-jet North American 
Sabreliner multi-purpose and training air- 
craft. Designated T-39, it is fitted with 
two General Electric J85s and has a nor- 
mal layout for a two-man crew, plus four 
passengers, but can be modified to carry 
an additional four passengers. Flight tests 
have been going on since September 1958. 


@ Boeing 707 production will reach ten 
aircraft per month by late summer 1959. 


@ Schweizer Aircraft Corp., Elmira, N.Y. 
is building a new light aircraft known as 
the 1-30. It is powered by a 65-h.p. Conti- 
nental A-65. The manufacturers made 
their name from the construction of sail- 
planes. 


e A USAF Convair Atlas intercontinental 
missile, fitted with three powerplants, 
was launched from the Cape Canaveral 
Missile Test Center in the late hours of 
November 17th. It achieved a distance of 
approx. 3,000 miles ; the full range of the 
Atlas is more than 6,000 miles. 


@ Boeing’s studies for supersonic trans- 
ports for the 1970 era are grouped together 
under the overall designation Type 733. 


© Japan’s JHX-4 ramjet-powered helicop- 
ter, with two-blade rotor, which recently 
began flight testing, has a rotor diameter 
of 23.95 ft. The single-seat helicopter has 
an empty weight of 397 1b. 


e Napier and English Electric have put 
forward a scheme to meet the NATO mari- 
time reconnaissance requirement. This in- 
volves re-equipping second-hand DC-7 air- 
craft with Napier Eland propeller turbines 
and fitting them with the necessary elec- 
tronic equipment, weapon bay, etc. 


e BOAC’s Boeing 707s (Rolls-Royce Con- 
way engines), now known as Type 436, 
will have provision for increasing gross 
weight to 312,000 1b. as more powerful 
engines become available. This will allow 
an extra 12,000 1b. of usable load, and 
BOAC has used the extra available weight 
to fit three additional bladder tanks in the 
centre section, thus raising the total fuel 
carried to 23,380 U. S. gals. The first 
BOAC 707 is scheduled for delivery in De- 
cember 1959, and all 15 on order will be 
delivered within the following 12-month 
period. 





Correction: The Seaslug surface-to-air 
missile is of course produced by Armstrong 
Whitworth and not by Short, as erroneously 
stated in the table of surface-to-air missiles 
published in No. 11, 1958. 





FUTURE INTERNATIONAL AIDS TO AIR NAVIGATION 


DECCA AND DECTRA DEMONSTRATION 


The Ministry of Transport and Civil Aviation has decided to arrange a series of 
demonstration flights in a Comet jet airliner to show observers from a number of 
different countries the advantages of adopting the well-tried Decca and Dectra systems 


as an international standard aid to air navigation. 


These demonstration flights will enable international observers to make their 
individual assessments of the two complementary systems prior to the Special Meeting 
of the International Civil Aviation Organization in February, 1959, to select a future 
short-range navigational aid for aircraft—a meeting that has evoked wide interest. 


The demonstrations will show the following features of the Decca and Dectra systems:— 





(1) The ease with which airways flying, climb, descent and holding 
patterns can be flown accurately. 

(2) The precision and ease .with®which the pilot can report an 
aircraft’s position. é : 

(3) The ability to see the actual €ourse of the aircraft plainly 


marked by a pen on a moving chart under the eyes of the pilot 


in the cockpit. 

(4) The way in which the short-range (Decca) and long-range 
(Dectra) navigational aids are integrated to form a compre- 
hensive system of air navigation using a unified airborne 
equipment. 

(5) Greater simplicity of navigation on the North Atlantic route. 

Plans are in hand for a series of demonstration flights to be made in Europe in 
January, 1959. In February it is intended to conduct further demonstrations from bases 


in North America. Invitations will shortly be issued to aeronautical administrations 
and airlines to send observers to the demonstrations. 


DECCA/DECTRA 


THE NAVIGATION SYSTEM FOR THE JET AGE 


THE DECCA NAVIGATOR COMPANY LIMITED LONDON 
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RADAR INSTALLATIONS 
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COMPLETE CIVIL AND MILITARY 
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Marconi in Radar 


MARCONI 


MARCONI’S WIRELESS TELEGRAPH COMPANY LIMITED, CHELMSFORD, ESSEX, ENGLAND 





29 Countries use 









FIAT 
AVIATION ® 





Ground Equipment 












@ Designed to NATO's operational requirements 
@ Research assisted by all the NATO nations 


@ Development fostered by NATO's leading aeronautical 
NATO’'S STANDARD scientists and engineers 
L i G H Tw E | G HT TACT i CA L @ Flight tested by NATO's leading test pilots 


The features of the G 91 are based on: 


ST n i KE Al & Cc RA FT the cockpit, designed for piloting ease and comfort 


the landing gear, engineered to operate on short, semiprepared strips 
the armament, chosen and arranged for greater defensive and offensive 


power ( .50 machine guns, 20 or 30 mm. cannons, bombs, atom bombs, 
tactical bombs and rockets of different calibers, including guided 
missiles) 


aircraft unit and operational costs are exceptionally low. 


FIAT-DIVISIONE AVIAZIONE 


Corso Giovanni Agnelli 200 — TORINO (italy) 








Heres the 
helicopter 
that 
taught them all! 


Fort Worth, 
Texas 


Subsidiary 
of Bell 
Aircraft 
Corporation 


CORPORATION 
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Bell not only has built more helicopters than any 
other manufacturer, but the Bell has been used 
to teach more helicopter pilots how to fly than 
any other helicopter. In fact almost every pilot in 
the world today has had some training in a Bell 


helicopter. 


No other helicopter has the experience, the tested 
ability, the prestige of the Bell. Behind this sturdy, 
dependable Bell 47G-2 is the equivalent of 300 
years of flying experience.. actually more than 
2,500,000 hours of flight time. And all this experi- 
ence has been accumulated under real-life condi- 
tions..in every extreme of climate and terrain 
.. operating in 52 countries of the world. 


With this leadership and superiority, it’s no won- 
der there are more Bells at work the world over 
than any other helicopter . . in every phase of busi- 
ness and industry .. with the’-government and the 
military. Most dependable and most efficient, the 
Bell 47G-2 also has the lowest initial cost, the low- 
est maintenance cost. It gives the longest service 
life... 1,200 hours. . between overhauls. 


It’s easy to see why the Bell 47G-2 is the unanimous 
choice for training purposes, world-wide. Wouldn’t 
you like to join the list of distinguished owners and 
operators who fly Bell . . prefer Bell? For complete 
information on the Bell, write Bell Helicopter Cor- 
poration, Fort Worth, Texas, U.S.A. 


BELL DEALERS AND 
REPRESENTATIVES THROUGHOUT 
THE FREE WORLD 


AFRICA (Southern States), Kitwe, N. Rhodesia 
Autair Helicopters (Africa), Ltd. 
ARGENTINA, Buenos Aires 
Aerotransportes Wollkopf 
AUSTRALIA, Brisbane 
Helicopter Sales (Aust.) Pty. Ltd. 
AUSTRIA, (Zurich) 
Forrer-Fenwick, S.A. 
BAHAMAS, Nassau 
International Agencies, Ltd. 
BELGIUM, Brussels 

Aerobel 

BOLIVIA, La Paz 

Federico A. Eulert S. en C. 
BRAZIL, Rio de Janeiro ; 
Companhia Carnasciali Industria e Comercio 
CHILE, Santiago 

Sociedad General de Comercio, S.A. 
COLOMBIA, Bogota 

Antonio Angel & Cia, Ltda. 
COSTA RICA, San Jose 

Agencia de Aeronaves 

CUBA, Havana 

Angel Aixala, Jr 

DENMARK, Copenhagen 

Leon Jorgensen 

EGYPT, Cairo 

M. Salah E. Farid 

ENGLAND, Gloucester 
Hordern-Richmond, Ltd. 
ETHIOPIA, Addis Ababa 
Ethiopian Air Lines, Inc. 
FRANCE, Paris 

Fenwick, S.A. 

GERMANY, Koblenz 

Motorflug, G.m.b.H. 

GREECE, Athens 

K. Karayannis 

GUATEMALA, Guatemala City 
La Compania de Helicopteros y Aviones 
HAITI, Port-au-Prince 

Fortune L. Bogat 

INDIA, Bombay 

Pillman Aircraft Co 
INDONESIA, Djakarta 
Indonesian Planning Office, Ltd 
IRAN, Tehran 

Salar Bahktair 

IRAQ, Baghdad 

Atlas Company, Ltd. 

ISRAEL, Tel Aviv 

Cidev Company, Ltd. 

ITALY, Milan 

Costruzioni Aeronautiche 
JAPAN, Tokyo 

Daiichi Bussan Kaisha 
JORDAN, Jerusalem 

Egor J. Farradj 

KOREA, Seoul 

Yong Wook Shinn 

KUWAIT, Kuwait 

International Trading Agency 
LEBANON, Beirut 

Abdunnur Commercial & Engineering Co. 
MEXICO, Mexico City 
Aeromex, S.A. 
NETHERLANDS, Rotterdam 
Messrs. Thalassa, N.V. 

NEW ZEALAND, Auckland 
Seabrook Fowlds, Ltd. 
NORWAY, Oslo 

Scancopter A/S 

PAKISTAN, Karachi 

Ali Automobiles, Ltd. 

PANAMA, Panama City 

C. H. Deerwester 

PARAGUAY, Asuncion 

Nicolas Bo, S.A 

PERU, Lima 

Inter-Continental Trade Co., S.A. 
PHILIPPINES, Manila 

Campos, Rueda & Sons 
PORTUGAL, Lisbon 

Daun & Bleck, Ltda. 

PUERTO RICO, San Juan 
Caribe Helicopter Sales 

SAUDI ARABIA, Al Khobar 
General Contracting Company, Ltd. 
SPAIN, Madrid 

Iberavia, S.A. 

SURINAM, Paramaribo 
Surinam Airways Company, i.o. 
SWEDEN, NORWAY, FINLAND 
Ostermans Aero AB 
SWITZERLAND, Zurich 
Forrer-Fenwick, S.A. 
THAILAND, Bangkok 

Suphan Phanich Company, Ltd. 
TRINIDAD, Port of Spain 
Caribbean Continental Trading Co., Ltd. 
TURKEY, Ankara 

Polar Mining and Industrial Corp. 
URUGUAY, Montevideo 

Pike & Cia, Ltd. 

VENEZUELA, Caracas 
Venairco, S.A. 

VIRGIN ISLANDS, St. Thomas 
Caribbean Corporation 


A MATCHED PAIR 


The English Electric Brushless air-cooled 
Alternator, and the English Electric Constant 
Speed drive unit, together constitute a match- 
ed pair specifically designed to solve all exist- 
ing problems of power generation and supply 
in civil aircraft. 

The new Brushless Alternator ensures a new 


order of reliability, life between overhauls and 





maintenance economy. The Constant Speed 
drive unit (identical to the type used on the 
Boeing 707) is the well-proven answer to all 
questions of load-sharing between alternators 
on multi-engined aircraft, with all the ensuing 
benefits of dependability and safety margins. 
Please write to us for full technical details of 


this matched—and matchless—pair. 


ENGLISH ELECTRIC 


aircraft equipment 





THE ENGLISH ELECTRIC COMPANY LIMITED 


A MEMBER OF THE ENGLISH ELECTRIC AVIATION GROUP 


AIRCRAFT EQUIPMENT DIVISION, PHOENIX WORKS, BRADFORD 








AE.36 








.so I told your mother that the 


largest particle allowed in turbine fuel supplied by 


the BP Aviation Service is 5 microns— 


about 1/5000th of an inch. 


Darling, how tiny! 









pec BP Ee 


serves aviation well 











THE INTERNATIONAL AIRCRAFT FUELLING SERVICE OF THE BRITISH PETROLEUM COMPANY LTD. 
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BORN OF CHAMPIONS 


New jet queen is latest to bear 
the proud DC brand 





For more than 25 years Douglas DC airplanes have 
been first choice by far of both the public and 
the airlines. Each member of the famed DC series 
has been the transport mainstay of its era. 
Now the finest airliner of all, the jet DC-8, is soon 
j to enter airline service. Plans for this sky-giant grew 
out of the experience gained in making thousands 
of aircraft which flew billions of passenger miles. 
D O U G LAS Only this unmatched passenger experience plus 
the most varied experience with jet aircraft in the 
industry could have produced the DC-8. For the 
combined qualities of speed, luxury, dependability 
and low operating costs, you'll hail it as the 
greatest ever! 


THE BRISTOL OLYMPUS TURBOJET ENGINE 


2AIN POWER 


; 


i 








THE PROBLEM. Toengine a projected long-range high-speed 
bomber (later to crystallise as the Avro Vulcan), a concept steer- 
ing turbojet development into new realms of high altitude opera- 
tion and massive thrust. 


THE ANSWER. The Bristol Olympus, one of the world’s 
most powerful aero-engines. Olympus progressed from the Mk 
101, type tested in 1954 at 11,000-lb thrust, to today’s Mk 201, 
type tested at 17,000-lb thrust. Both these figures were attained 
without reheat and with good fuel consumption and impressively 
high thrust/weight ratios. 


Signs of success 
To the engineer, the Olympus represents the successful imple- 


mentation of a theory: it pioneered the twin-spool principle with 
its promised bonuses of lower fuel consumption at both low and 
high altitudes, higher power, and rapid acceleration even at ex- 
treme altitudes. 

In RAF service, however, the Olympus has achieved all this 
and more. Not only as an engine officially complimented for set- 
ting new standards of handling at high altitudes; but as a “‘fit 


and forget” engine; as an engine sharing with the Avro airframe 
the highest official praise as the aircraft suffering the fewest 
teething troubles of any introduced into the RAF in ten years. 

Development of the Olympus continues. The newer marks 
represent just about the ideal design for flight just below and 
just above the speed of sound. 

Versions with reheat are already delivering thrusts up to 
24,000 lb. 


ristol 
iddeley 


ENGINES LIMITED 








BRAIN POWER franslated into FLIGHT POWER 
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Japan's Civil Aviation in 1958 


With typical oriental fanfare, the Japa- 
nese celebrated the sixth anniversary of the 
rebirth of their civil aviation at the end 
of September. Throughout the land the 
Aviation Association organized well-attended 
gala shows, to which the Air Force con- 
tributed everything they had with wings. 
In Tokyo the Police Band, the Corps of 
Trumpeters from the Emperor’s Palace 
Guards and the Army Self Defence Force’s 
band shared the stage in the Mitsukoshi 
department store, where the Aviation Asso- 
ciation had organized an exhibition. An 
aerial photograph contest was announced, 
under the patronage of a chain of cinemas. 
And Koichi Miura, a popular singer in the 
Japanese capital, and his quartet crooned 
the “Song of Japanese Aviation”, whose 
composers were rewarded with a prize of 
100,000 yen. 

Basically these celebrations were merely 
the popular expression of a far-reaching 
change which has been taking place in 
Japanese aviation during the past few 
months. The period of hibernation which 
has befallen all branches of aviation in Ja- 
pan to various degrees since the end of the 
war now seems to have ended, particularly 
in air transportation. 


-* 


Up until 1957 the national flag carrier, 
Japan Air Lines, had had to battle with 
persistent deficits. Only a few months 
after its foundation it went through its 
first serious financial crisis, which almost 
forced it to sacrifice the whole of its foreign 
services. In the 1953-54 business year it 
suffered a loss of 780,000,000 yen1), and 
in 1954-55 a loss of 707,000,000 yen. But 
then the situation gradually improved, and 
the 1956-57 and 1957-58 business years saw 
profits of 532,000,000 and ‘601,000,000 yen 
respectively—obtained according to offi- 
cial statements without any form of go- 
vernment subsidy. These financial results 
have enabled the company to liquidate the 
debts of 562,000,000 yen incurred during the 
past few years and to carry forward an 


JAL's Expansion Plans 


active balance of 39,000,000 yen to the new 
account. 

Leaving aside the transport boom of re- 
cent years, the reason for this recovery is 
probably to be found in the expert manage- 
ment of President Seijiro Yanagita who, 
as former Vice Governor of the Japanese 
State Bank and Far East Manager of the 
Bank for International Settlement (Basle), 
has the requisite connections—his original 
appointment as head of JAL was made at 
the instigation of economist A. Fujiyama 
(today Minister of Foreign Affairs) and H. 
Ichimada (Governor of the State Bank and 
Minister of Finance). Moreover, President 
Yanagita is known for his calm hand in 
carrying through financial operations (not 
insignificantly he commenced his academic 
career with work on the philosphy of reli- 
gion and detailed study of Japanese and 
English literature). 


* 


What have JAL’s operating results been ? 
When it began operations in 1951-52, no dif- 
ficulties were put in its way by the Allies. 
The San Francisco Peace Treaty contained 
no restrictions on the possession or ope- 
ration of civil aviation undertakings by 
Japanese nationals. The United States 
granted Japan’s airline landing rights on 
the Tokyo-Honolulu-San Francisco route 
as early as 1952. What is more, a number 
of U. S. airlines offered JAL assistance, in 
particular Northwest Airlines, who pro- 
vided flight personnel and technical ser- 
vices and undertook the training of Japa- 
nese crews. 

Nevertheless both JAL’s route network 
and its traffic results remained relatively 
modest until very recent times, as is re- 
vealed by the map below. Whereas Japan’s 
share in world trade amounts to 3.55 per- 
cent, and Japanese shipyards took first 
place on the world ship-building list in 1957 
with 433 launchings, the Japanese airline 
has had to content itself with a 1.06 percent 
share of the international air traffic vo- 
lume. 


Heavy lines indicate Japan Air Lines’ present route network, while the double lines illustrate the company's expansion 
plans, which call for an intensification in services to South America and Southeast Asia in 1959, the opening of European 
services in 1961 and the inauguration of a round-the-world route in 1963. 
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..So far. If the Five Year Plan now put 
forward by JAL and approved by the Mi- 
nistry of Transport is successfully carried 
through, there is good reason to expect a 
decisive advance by the Japanese flag car- 
rier. 

In broad outline the expansion plans co- 
ver the following stages : 


1. Intensification of South American traf- 
fic and services to Southeast Asia and 
across the Pacific, (1959) monthly ser- 
vices to Caracas, Rio de Janeiro, Sao 
Paulo; also Tokyo-Manila-Bangkok- 
Singapore and Tokyo-Honolulu - Los 
Angeles, (1960) Tokyo-Jakarta. 
Introduction of services to Europe via a 
southern and an Arctic route, (1961) 
Tokyo - Calcutta - Karachi - Beirut - 
Rome - Paris - London - Stockholm and 
Tokyo-Anchorage-London-Stockholm. 


Opening of a round-the-world route, 
(1963) Tokyo-London-New York-Seattle- 
Tokyo. 


JAL’s unusually standardized aircraft 
fleet would seem to be well suited for these 
plans. At present the company has four 
Douglas DC-7Cs, five DC-6Bs and ten 
DC-4s in operation, and four DC-8 jets have 
been ordered for delivery early in 1961. 
The latter will thus be available when the 
Arctic services are opened. 

Needless to say, if this programme is to 
be put into effect, Tokyo’s International 
Airport must be prepared without delay 
for jet services. The civil aviation admi- 
nistration (Ministry of Transport) has an- 
nounced that the main runway is to be 
lengthened to 11,000 ft. by 1961 and a se- 
cond runway of the same length construct- 
ed. This will make Tokyo airport, which 
is today used by a dozen international air- 
lines2), into the Far East’s jet traffic 
centre. 


-* 


This then, in broad detail, is the situation 
of Japan Air Lines, which is far and away 
the most important civil aviation under- 
taking in Japan. As regards domestic ser- 
vices, a new trend has been discernible 
since the beginning of 1958. In February 
the two private operators Japan Helicopter 
and Airplane Transport and Far Eastern 
Airlines—both previously working at a 
loss—merged to form a new company, 
known as All Nippon Airways. Based on 
Osaka, All Nippon operates scheduled ser- 
vices to nine Japanese cities, and may well 
develop into Japan’s leading domestic ope- 
rator. At present scheduled domestic ser- 
vices are also being run by four companies. 
In addition there are 15 carriers engaged 
in non-scheduled operations and 23 compa- 
nies in general air work (agricultural and 
forestry services, mining prospection, ad- 
vertising flights, etc.). 


1) 100 yen = approx. 30 cents. 


2) Air France, Air-India International, BOAC, Civil 
Air Transport, Canadian Pacific, Hong Kong Airways, 
Northwest Orient Airlines, KLM, PAA, Qantas, SAS, 
Swissair. 


124] 





INTERNATIONAL MEETINGS 
AND CONFERENCES 


Nov. 28th-Dec. 4th: First Electronic Com- 
puter Exhibition and Symposium. London. 


Dec. Ist : ICAO - MAP Panel, 2nd Meeting. 
Montreal. 


Dec. Ist-5th : American Society of Mecha- 
nical Engineers Annual Meeting. New 
York. 


Dec. Ist-5th : ASME - 23rd National Expo- 
sition of Power and Mechanical Engineer- 
ing. New York. 


Dec. 2nd-4th : 3rd Conference on Reliable 
Electrical Connection, sponsored by Elec- 
tronic Industries Association. Dallas, 
Texas. 


Dec. 3rd-4th : Airline Electronics Engineer- 
ing Committee Meeting, organized by 
Aeronautical Radio Inc. Washington, D.C. 


Dec. 3rd-5th : 2nd National Symposium on 
Global Communications, sponsored by the 
Institute of Radio Engineers and Ame- 
rican Institute of Electrical Engineers. 
St. Petersburg, Fla. 


Dec, 3rd-5th : Eastern Joint Computer Con- 
ference and Exhibit. Philadelphia, Pa. 


Dec. 5th-7th: Annual Convention, Texas 
State Aviation Association. Ft. Clark, 
Texas. 


Dec. 8th-10th : Winter Meeting, American 
Nuclear Society. Detroit, Mich. 


Dec. 9th-11th: Mid-America Electronics 
Convention, sponsored by Kansas City 
Section and the Institute of Radio 
Engineers. Kansas City, Mo. 


Dec. 9th-19th : 7th Inter-American Travel 
Congress. Montevideo. 


Dec. 10th : Joint Meeting of The Society of 
Instrument Technology, The Royal Aero- 
nautical Society and The British Inter- 
planerary Society - “Interplanetary In- 
strumentation ”. Chester, England. 


Dec. 11th : Joint Meeting of The Society of 
Instrument Technology and the Institute 
of Physics - “Instruments Used in the 
Exploration of the Stratosphere”. 
Middlesbrough, England. 


Dec. 17th : 22nd Wright Brothers Lecture - 
Maurice Roy on French Aeronautical 
Research. Washington, D.C. 


Dec. 26th-31st : 125th Annual Meeting of 
the American Association for the Ad- 
vancement of Science. Washington D.C. 


Dec. 27th-30th : 5th Annual Meeting, Ame- 
rican Astronautical Society. Washington 
BAC, 


Dec. 27th-30th : 5th King Orange Interna- 
tional Model Plane Meet. Miami, Fla. 


Jan. 12th-14th : 5th National Symposium on 
Reliability and Quality Control in Elec- 
tronics. Philadelphia, Pa. 


Jan. 26th-29th : 27th Annual Meeting, Insti- 
tute of Aeronautical Sciences. New York. 


Jan. 27th-30th: 15th Annual Technical 
Conference, Society of Plastics Engineers. 
New York. 





Photo credits: Cover: U.S. Air Force; p. 1259: Li- 
brairie Larousse, Paris ; pp. 1260-1264: USAF (16), 
ATP (1); pp. 1266-1268: author; pp. 1269-1272: 
author ; p. 1273: manufactyrcrs; p. 1274: author: 
pp. 1291-1292 : manufacturers ; p. 1293: U.S. Army 
(1), manufacturers (3) ; pp. 1294-1296: Foto Lite 
(10), Interavia (15); p. 1297: PAA (2), Interavia 
(1) ; pp. 1298-1299 : manufacturers ; p. 1300: ma- 
nufacturers ; pp. 1301-1302 : author ; pp. 1302-1303: 
author ; pp. 1304-1306 : KLM (1), USAF (1), manu- 
facturers (13), Interavia files (5) ; p. 1315: Inter- 
avia files ; pp. 1316-1318 : author. 
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U.S. Air Transportation and Aircraft Industry in Mid-November 1958 


BY SCOTT HERSHEY, NEW YORK 


Air Transportation 


It is by now a truism that the airline in- 
dustry is faced with the most severe eco- 
nomic problems in its history with the 
change-over to jet and turboprop aircraft. 
In fact the transition to jets is too expen- 
sive for most carriers to take all at once. 
Nevertheless by the end of next year a 
total of 81 jets will be flying for Pan Ame- 
rican and eight other U.S. airlines. 

There have been some indications that 
all but the largest and strongest lines may 
have some difficulty in getting bank loans. 
And where bank loans are available, the 
terms may be such that an improved debt- 
equity ratio will be necessary before the 
loans would be acceptable to many financial 
institutions. There is the difficulty, too, of 
equity financing in the face of inadequate 
earnings. 

Pan American has arranged a $130,000,000 
three-year revolving credit. The deal was 
made with a group of thirty-nine banks in 
17 cities, headed by the New York Trust 
Company. This is the biggest financing 
ever obtained by a domestic airline. Pan 
American has 44 jets on order, 23 from 
Boeing and 21 from Douglas. The planes 
represent an investment of $280,000,000. 
Pan American has received three of the 
new Boeing 707s and expects to take deli- 
very of another three before the end of the 
year. None of the Douglas DC-8s are sche- 
duled for delivery before the end of 1959. 

Pan American’s present long-term debt 
consists of $90,000,000 with a group of in- 
surance companies. 

There is one burning question which can- 
not be answered immediately but will have 
to await operating reports, and that is 
just how much profit is there in the new 
jets. The airlines believe there is a lot of 
profit to be made from jet operations. 

An illustration of the maximum income 
from a jet operation was outlined like this : 
A fully loaded 707 flying from Paris to New 
York and return could gross $80,000 in less 
than 24 hours. With sharp scheduling, the 
same aircraft could complete another round 
trip from New York to Miami and add 
another $26,000 to its gross and end up 
with a single day’s take of more than 
$100,000. That’s about three times as much 
revenue as the 350-m.p.h. DC-7 could pro- 
duce in that time. What is not known is 
just how much it will cost to operate the 
jets—everything about them is big from 
their original cost to their speed, to the 
facilities and crews needed to handle them, 
and certainly not least of all, the problem 
of financing their purchase to begin with. 


* 


With the surging stock market register- 
ing new highs in volume and value almost 
daily, aviation securities are prominent by 
their absence. In the week ended November 
15, in a list of the 15 most active stocks, 
only one airline appeared—Pan American 
—which had a volume of 155,050 and closed 
at 23%, up 1%. “ 

At about the same time, Pan American 
reported net income in September quarter 
was $6,306,000 or $1.02 a share, against 
$5,990,000 or 97 cents a share in the 1957 
period. Gross was $91,680,000 against 
$90,954,000. The profit earned in the third 
quarter was used to balance a loss of 
$3,360,000 ($0.55 per share) incurred during 
the first quarter of 1958. The result was 
that for the nine months to September 30, 
net income was $4,635,000 or 75 cents a 
share against $7,509,000 or $1.21 a share 
in the like 1957 period. 

A similar situation arose for the freight 
carrier Seaboard and Western who reported 
that the September quarter produced net 
income of $1,252,477 or $1.25 a _ share, 


against a net loss of $175,000 in the 1957 
period. Gross was $7,745,820 against 
$5,204,528. For the nine months to Sep- 
tember 30 net income was $29,208 or 3 
cents a share against net income of 
$486,024 or 48 cents a share in the 1957 
period. 

In order to finance its acquisition of 
Lockheed Electra turboprop and Douglas 
DC-8 aircraft, Northwest Airlines is nego- 
tiating agreements with institutional in- 
vestors for a 20-year loan of $40,000,000 
and with banks for a seven-year loan of 
$32,500,000. A planned new offer of pre- 
ferred stock is expected to furnish the 
company with approximately $11,000,000 
additional equity capital. ‘The company 
plans to offer its common holders rights to 
subscribe for the preferred on a basis of 
one share for each three shares of common. 
First Boston Corporation will manage a 
group which will purchase any unsubscribed 
shares. 


Aircraft Industry 


On the stock market, aircraft stocks 
were generally up, with a few exceptions. 
Boeing advanced, while Douglas suffered 
only fractional losses. North American 
Aviation was up about a point. General 
Dynamics was also on the list of most 
active stocks with a volume of 134,100, and 
this issue closed at 63 5/g, up 2 4/s. * 

On the manufacturing side, Fairchild 
Engine and Airplane Co. reported for the 
first nine months to September 30, a net 
loss of $4,390,000 against net income of 
$599,000 in the same 1957 period. 

Grumman Aircraft Engineering for the 
nine months reported net income of 
$1,356,107 or 62 cents a share against 
$4,883,705 or $2.22 a share in the 1957 
period. Gross was $161,188,545 against 
$147,514,031. Results for the period include 
a write-off of $7,900,000 for research and 
development this year against a similar 
item of $2,105,000 a year ago. 

North American Aviation’s net income in 
the fiscal year ended September 30 declined 
to $26,786,294 or $3.34 a share of common 
stock from the previous year’s record 
$33,864,462 or $4.22 a share. Sales also 
fell to $904,038,848 in fiscal 1957 compared 
with $1,243,767,483 in the preceding year. 

The report said that despite the lag in 
sales “as a result of the initiation of new 
Government programs and acceleration of 
certain others, sales rose 30 percent above 
our estimate of 12 months ago and were 
the third largest recorded in any year”. 
The backlog of unfilled orders at Septem- 
ber 30, 1958 was $513 million. 


* 


In the spatial electronics field a new 
giant has been created with the merger of 
Thompson Products and Ramo-Wooldridge. 
It brings together outstanding teams in the 
guided missiles and related fields with a 
leading manufacturer of specialized parts 
for aircraft, missiles, automobiles and elec- 
tronic equipment. 

The new company is expected to show 
1958 sales of about $325 million and net in 
excess of $3 per share. By means of this 
merger, Thompson has completed a transi- 
tion which places it in several well-defined 
growth fields — electronics, missiles and 
automation, backed up by an _ already 
proven earning power in the automobile 
and aircraft industries. 


* Since the above article was prepared there has 
been a general fall in New York stock market prices, 
which can probably be interpreted as a levelling off 
of exaggerated quotations. For example, Boeing 
dropped from 54 1/g on November 13th to 48 1/4 on 
November 25th, but advanced again to 50 on No- 
vember 26th. 














SAS chose the ‘Air Partner’ 


Scandinavian Airlines System will use 10 Atlas Copco ‘Air Partner’ compressors 
to service their fleet of DC-8 jet airliners 


STARTING + AIR CONDITIONING - DE-ICING 

The Air Partner is a surge-free rotary screw compressor of the 
Lysholm type designed for starting, air conditioning and de-icing 
all jet and turbo-prop airliners having air turbine starters. 


A SUCCESSFUL COMBINATION 

Atlas Copco, the world’s largest organisation devoted exclusively 
to the manufacture of compressed air equipment, combined 
aeronautical expertise with compressor know-how to produce this 


multi-purpose unit. 


STARTING 
The Air Partner delivers a continuous flow of warm, oil-free air 
to turn the engine over constantly thus eliminating mis-starts. 


AIR CONDITIONING 

The Air Partner becomes an air conditioning unit by merely 
flicking the appropriate switches and pressing a button, a matter 
of seconds. 

DE-ICING 

A special mouthpiece attached to the air hose enables the wings 


and fuselage to be ‘sprayed’ with warm air. Removal of ice and 
sleet from windshields, wing leading edges, and air intake lips is 
achieved by using the ordinary de-icing outlets of the aircraft. 


SIMPLE MAINTENANCE 

The Air Partner has no wearing parts. It consists of two screw 
rotors which intermesh but never touch one another or the casing. 
10,000 hours is the normal] period between overhauls for screw 
compressors of this type. 

Maintenance operations can be carried out by airline personnel 
anywhere in the world or through the Atlas Copco sales and 
service organisation established in 90 countries. 


TWO MODELS 

Air Partner M-3 consists of two identical units, each including 
a compressor connected to a standard petrol or diesel engine, for 
starting, air conditioning, de-icing and checking auxiliary systems, 
Air Partner M-2 consists of one rotary screw compressor 
connected to a standard petrol or diesel engine for starting and 
limited air conditioning. 


THE MSitlasCopco AiR PARTNER 


A contribution to the jet age of air travel 


Contact your local Atlas Copco company or agent or write to Atlas Copco AB, Stockholm 1, Sweden 








TREASURED AT ANY ALTITUDE AND LATITUDE 
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Further evidence of the outstanding qualities of the aircraft Super Aero: 
on 12th August 1958 the standard airplane Super Aero LV-FLH 
with long range tanks 


crossed the Atlantic! 


Ask for a detailed report about the crossing ! 


OMNIPOL LTD. - WASHINGTONOVA 11 - PRAGUE 3 - CZECHOSLOVAKIA 


Agents : Argentina: Dr. Mario Insua, Arenales 1161, Buenos Aires . Australia: Aerial Agri- 
culture, Hangar 17, Bankstown Airport, Sydney . Belgium : Raymond Heuvelmans, 36, Ave- 
nue Albert Jonnart, Bruxelles . Brazi/: Cia Latina Americana de material aeronautico, 
141, Praca Julio Prestes, Sao Paulo . West Germany: Autohage G.m.b.H., Schmitt- 
strasse 47, Frankfurt am Main . Belgian Congo: Roger de Cuyer, B.P. 353, Kolwezi . 
Denmark : Hammers Luftfahrt, Festbrogade 54, Kobenhavn V . Eire : Buckley’s Motors Ltd., 
Shanower Road, Whitehall, Dublin . France: E.A.M. 8, Place d’léna, Paris 16° . Great 
Britain ; Aircraft and General Finance Corporation Ltd., 3 Read Place, Green Street, London 
W.1. . Helland: R. Uges Jr. Esq., Handelsmaatschappij Het Oosten, Thierenskade 27, 
Rijswijk Z.H. . Austria: Ing. Alfred Rutte, Berggasse, Wien IX . Norway : Aero Electric, 
Radhusgaten 7B, Oslo . Paraguay: Jorge Laboureur, 25 de Mayo 267-60, Buenos Aires, 
Argentina . South Australia: Phoenix Aviation Co. Ltd., 240, Rundle Street, Adelaide, 
South Australia. 











This tube was designed and produced by 












79, Bd HAUSSMANN, PARIS 8° - ANJ. 84-60 


Compagnie générale de télégraphie Sans Fil 


e FOR AIR TRAFFIC CONTROL 


The TMA 403 electronic memory tube has transformed radar operations : 


by converting the fainter radar image into a brilliant teie- 
vision image, which controllers can more easily observe in 
daylight ; 

by retaining the image showing the aircraft’s route for several 
minutes, at the operator’s discretion ; 

by making it possible to superimpose on the image various 
service symbols, aircraft identifications, geographical fea- 
tures... 

by making it possible to transmit the complete radar picture, 
via coaxial cable or long-range radio links, like a normal 
television programme. 


Civil and military applications. 





















‘Our pilots have reported that they are very satisfied with the flight 
characteristics of the aircraft and found that the '‘'CARAVELLE" is more 


easy to manoeuvre manually than our present aircraft.’’ 


..» QUOTED FROM A LETTER ADDRESSED TO SUD - AVIATION’S 
PRESIDENT, Mr. G. HEREIL, BY THE WELL KNOWN AVIATION 


PERSONALITY 
Mr. OLOF CARLSTEIN 


VICE-PRESIDENT OF S.A.S. 


ON THE SUBJECT OF THE RECENTLY COMPLETED CARAVELLE 
TRAINING COURSE FOR S.A.S. PILOTS 


—TUfeo My \WsP-hapeles 


37 - BOULEVARD DE MONTMORENCY - PARIS (16*) - TEL : BAG: 84-00 
SUD AVIATION CORP. 500 FIFTH AVENUE - NEW-YORK. 36. N.Y U.S.A 





Streaking skyward or racing along “on the deck’... able 
to intercept or retaliate against an aggressor with power- 


ful agility ... the new Republic F-105 Thunderchief fighter- 


bomber brings to the Free World a devastating weapon 


for defence. 


REPO RLIE @ 400221040 > 


FARMINGDALE, NEW YORK, U.S.A. 
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LOWER FARES 
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OIRECT OPERATING COST—PENCE PER SEAT STATUTE MILE 
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Aircraft A Twin piston-engined airliner 
Aircraft B Four piston-engined airliner 





Aircraft © Medium-haul je 
Aircraft D Medium/Long-haul je 














Aircraft E Medium-haul four-engined jet-prop 
Aircraft F Short Medium-hau! four-engined jet-prop 


The comparable standard of Economy Class seating has 
been assumed throughout for all aircroft. 
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THE NEW VICKERS VANGUAR 




































































500 1,000 
SECTOR LENGTH — STATUTE MILES 








Only the VANGUARD has 
all these features 425 m.p.h. cruising - Seat-mile cost 


as low as one cent per seat-mile - 


Freight capacity 10 tons at normal 


densities - Full routing and A.T.C. flexibility - Can use normal existing 


airfields - Quick turn-round - No airfield noise problems - Quiet, smooth 


flight - Ten years’ unique Vickers/Rolls-Royce jet-prop experience. 


PROFIT with the NEW 





VICKERS VA\N G YARD 


VICKERS-ARMSTRONGS (AIRCRAFT) LIMITEL 


yet 


rhe attraction of cheap rate tickets has 
already been proved on long distance 
routes. 
all passengers now travel at economy fares. 
A similar cut in fares would be equally 
popular on short and medium-haul routes, 
and be the means of boosting traffic 
considerably. 
bringing about these reductions, and making 
a profit, is the Vickers Vanguard. 

In its economy class layout, the Vanguard 
has over 50% greater profit potential than 
any competitive air liner. By a substantial 
margin its seat-mile costs are the lowest on 
offer today. 


What fare cuts 
are possible? 


At 65% passenger load factor the new 
Vanguard, in its 139-seater economy layout, 
can operate at 10% clear net profit with 
fares ranging from 29-50% below current 
tourist rates. In calculating these figures 
actual routes, current fares and current 
costs have been used. 


FOUR ROLLS-ROYCE TYNE JET-PROP ENGINES 


WEYBRIDGE 


SURREY ENGLAND 


TGAOAS99 


On North Atlantic flights 60% of 


The only aircraft capable of 
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SOCIETE NATIONALE D’ETUDE ET DE CONSTRUCTION DE MOTEURS DAVIATION 


150, BOULEVARD HAUSSMANN - PARIS-VIII° 





...NEWS IS HAPPENING AT NORTHROP_& 


NEW NORTHROP N-156F DELIVERS MORE FIGHTING POWER AT LESS COST 





The N-156F counterair fighter is developed for friendly nations which must guard 
their freedom under the shadow of potential aggression. Designed for speeds in excess 
of Mach 2, the N-155F can be operated for about half the cost of comparable fighters 
offers NATO and SEATO countries a reliable and highly effective force for defense. 
It is intended for production abroad where its manufacture will contribute to the 
economies of the nations which use it. Its light, simple design cuts procurement cost ; 
results in fuel savings and ease of maintenance that reduces the need for heavy, costly 
ground support equipment and rare skills. Its twin-jet safety keeps crew and plane NORTH ROP 
losses at a minimum. The N-156F is a unique weapon, sensibly combining effectiveness INTERNATIONAL 
with economy. Aircraft illustrated is the N-156F final mockup. First aircraft is now ott i 
, ; A Division of Northrop Aircraft, Inc., 
on the preneetn Ene: Beverly Hills, California, U.S.A. 











Srondord 


ANNOUNCE 


the introduction of a conversion 


kit for the well-known 


STR. 9X 


series of airborne V.H.F. communication equipments 


to enable their use with a channel spacing of 


100 ke/s 


in addition 
a conversion kit will shortly be available for the 


STR. 12D 


series of airborne V.H.F. communication 





equipments to incorporate double-channel simplex operation and to 


enable their use with a channel spacing of 


50 kce/s 


providing 280 crystal-controlled channels in the 


I.C.A.O. band 118.1-131.9 Mc/s. 


Srondard Telephones and Cables Limited 


Registered Office: Connaught House, 63 Aldwych, London W.C.2 
RADIO DIVISION OAKLEIGH ROAD NEW SOUTHGATE 








LONDON N11 



































ORES 


This executive aircraft flies half across the 


country, non-stop, with airliner speed and comfort! 


Its magnificent performance has earned for Aero Commander the enthusiastic respect of pilots and aircraftsmen all 


over the world. 








Acro Commander means business, Flying it, you appreciate the unparalleled stability of its high-wing design. You 
depend on its all-weather, over-the-weather ability to follow a straight course to your destination. And you enjoy 
the extra measure of security in its single-engine capabilities. 

Aero Commander is the business airplane which combines maximum short-field flexibility and practical size with 
supercharged performance, speed and long range. Business moves faster, higher with Aero Commander because 


Aero Commander means business! 


~=2COMMANDER 


AERO DESIGN & ENGINEERING CO 


BETHANY, OKLAHOMA 
Subsidiary of ROCKWELL-STANDARD Corporation 
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"+, IN BUSINESS AIRCRAFT. 
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FIRE CONTROL EQUIPMENT 


for 


ANTI AIRCRAFT and COAST ARTILLERY DEFENCE 





The electronic brain of a modern short range A. A. Artillery system: 


The fully automatic ARENCO tracker with electronic gun data computers especially for 


the Bofors type automatic guns 


CONTROL AND RECORDING APPARATUS 
TRAINING EQUIPMENT 


ARENCO AKTIEBOLAG : 


Fire Control Division 
STOCKHOLM (Sweden) 














WORLD-WIDE INDUSTRIAL ORGANIZATION 


for every take-off Air France 
presents 


a new aircraft 


In its modern, specially equipped workshops, Air France employs more than 
6,000 technicians to inspect and maintain its aircraft. 

After every flight, the aircraft coming in from a trip is taken to the hangar where all 
its essential components are examined. After 50 flying hours the check is even 
more meticulous. Every 150 hours the inspection takes a full day, and every 
1,800 hours 4 days. 

Engine, propeller blades, airframe, undercarriage, radio and radar equipment, no 





part or system escapes the specialists’ searching examination. 


Its far-reaching inspection organization, the size of its fleet and the skill of its elite Al a j eg A — Cc & 


crews give Air France the qualities which make it the specialist airline in long- THE WORLD'S LARGEST A/RLINE 
distance services. 


in the forefront of progress... 














Widening 










fa ) the sphere... 





The pioneering work of L M Ericsson 
in telephony still goes on and has led to 
renowned achievements in practically all fields 
of telecommunication. Growing naturally 
out of this experience have come fundamental 
contributions to electronic development. So besides 
rendering services of teletechnical nature, 


L M Ericsson is today ready to supply 






electronic equipment both for military and 






civil purposes. 





Telefonaktiebolaget LM Ericsson is a world-wide 


organization employing more than 30,000 people 
and is represented in 75 countries. 


TELEFONAKTIEBOLAGET LM ERICSSON 
STOCKHOLM 32 - SWEDEN 
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4 Flygmotor manufacture the 200 series Rolls-Royce 
Avon engine used in the most modern of the Royal 
Swedish Air Force fighters, the “ Draken” (The 
Dragon)., In its latest version with reheat, this 
engine enables “ Draken ” to reach more than twice 
the speed of sound. 


1. Turbojet engine 
2. Turbojet engine with reheat 
3. Turbojet engine with reheat and liquid-rocket engine 
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ASCENT IN THE SKY 


2 Flygmotor has designed and developed reheat systems for all 


types of Swedish aircraft in recent years in cooperation with the 
Swedish Air Force. 

With out test facilities, engines with reheat can be tested during 
flight conditions on a static test bed with high intake ram pressures 
and air temperatures as low as —70°C. 


Liquid-rocket engine VR 3 





3 Flygmotor’s liquid-rocket engine VR3 develops a thrust of 


2600 kg (5700 Ibs) at an altitude of 20,000 m (65,000 ft). It burns 
normal aviation fuel with hydrogen peroxide as an oxidizer. 
The control system is automatic. Only one control lever is 
necessary for starting up or stopping and for varying the thrust 
between 40°, and 100%. 

The VR3 rocket engine provides the extra thrust required to 
obtain a good performance at a high altitude. The rocket engine 
reduces the take-off length and assists the aircraft to pass rapidly 
through the transonic speed zone. Furthermore, it provides better 
safety because it can be used as an emergency engine should the 
main engine fail. 
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ENGLISH ELECTRIC 


EV el Nae 


THE ( ANBERR A—, years ago the prototype ENGLISH ELECTRIC Canberra made its first 
flight. Here is the unique record of this outstanding aeroplane since that day: 


* The Canberra is in service in 8 Air forces. * The Canberra is the only British aircraft to have 


te The Casheree hes bene built in 3 Continnens been built under licence in America since 1918. 


* More than 1,200 Canberra aircraft have been * Canberra aircraft hold 19 long-distance point- 
built so far—and production is still going on. to-point world speed records. 


* 9 years after the prototype’s first flight, new * Canberra aircraft have broken the world’s alti- 
Marks of the Canberra are still being developed. _ tude record for aircraft three times. 


THE ENGLISH ELECTRIC COMPANY LIMITED, MARCONI! HOUSE, STRAND, LONDON, WC2 





A MEMBER OF THE EZEHGLISH ELECTRIC AVIATION GROUP 








EET 


bes 








A mediaeval idea of space travel. 
The voyager has reached the vault 
of the firmament and is investigating 


the mechanics of the heavens. ARPS ~ Yee pn 
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Man’s Expanding Dominion 


‘There are still many people who feel that a project for such an expedition (space travel) 
can originate only in an unbridled imagination with little respect for solid data. Yet even at 
the beginning of the century the fundamental principles on which astronautics was to be 
based had already been clearly and logically formulated. It was asserted that a moving 
object could escape from terrestrial gravity if it had sufficient acceleration, and that this 
acceleration could be obtained by using a rocket... The Lord God, who implanted in man’s 
heart an insatiable desire for knowledge, did not place any limit on his efforts at conquest 
when He said: ‘Subdue the earth’. It was rather the whole of creation which He offered for 
the human spirit to penetrate...” 


‘Hae are the words with which the late Pope Pius X11 
greeted the delegates assembled in Rome in the autumn 
of 1956 for the 7th Congress of the International Astro- 
nautical Federation*. Two eventful years have passed 
since then. s 


The year 1957:saw the first successful launching of an 
artificial earth satellite, the Soviet Sputnik. Since then 
earth satellites have become indispensable equipment for 
physical research. 

In these closing months of 1958 the Americans have 
already made three attempts to put an artificial satellite 
into orbit around the moon. Though none has achieved 
its real object, the last rocket stage of the second launching 
advanced out into space to the almost incredible distance 
of over 79,000 miles, or three times the circumference of 
the earth. Space flight projects had now become the first 
“Operation Space Flight’’. 

* 

The Christmas 1956 issue of J/nteravia, entitled ‘Sun, 
Moon and Stars’, was already dedicated to this idea. The 
Christmas 1957 issue was headed “Dawn of the Space 


* Extracts from this speech were published under the heading ‘The 
Church and Astronautics” in /nteravia No. 12, 1956, p. 949. 


Age’. What more fitting conclusion to 1958 could be 

found than in an extension of the words spoken by the 

Head of the Catholic Church just over two years ago: 

not only the earth, but space too is part of man’s dominion. 
* 


In ancient times the map of the world was confined to 
the Mediterranean region. For the men of those days this 
was their world. Then came the age of discoveries, navi- 
gators ventured across the oceans, and Columbus found 
his way to America. Since then and until very recent 
times this little globe has been man’s world. And today? 
Though in 1956 there were still sceptics who regarded the 
astronauts’ projects as the products of “‘unbridled imagi- 
nations”, the years 1957 and 1958 have brought undeni- 
able proof that man is on the point of subduing not only 
the earth but also space. In the words which Goethe used 
on a different occasion: ‘“‘Here and today begins a new 
period of history, and you will be able to say you were 
there...” 


In this spirit we wish all our friends and readers a 
Merry Christmas and a Happy New Year. 


Geneva, December 1958 


INTERAVIA 
Publishers and Editors 


INTERAVIA No, 12/1958 
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The Moon Flight 





On October 12th, 1958 — 36 hours after 
the launching of the American Pioneer moon 
probe and 15 hours before its re-entry into 
the earth’s atmosphere—the National Acad- 
emy of Sciences held a press conference in 
Washington which was illuminating not only 
from the technical but also from the psycho- 
logical point of view. 

At this conference the President of the Acad- 
emy, Dr. Detlev W. Bronk, and four leading 
personalities from America’s astronautics 
world faced a pack of excited reporters whose 
questions revealed that many of them were 
mainly preoccupied with the competitive angle 
of rocket experiments: USA versus USSR, 
or U.S. Air Force versus U.S. Army, or U.S. 
Army and U.S. Air Force versus U.S. Navy? 
Who had beaten whom after all, who had 
shot the winning goal? 


Answer: nobody. Admittedly not onlyt he 
USAF but also the other two services had 
been commissioned to carry out astronautical 
experiments. But this time it was not a ques- 
tion of engaging in some national or inter- 
national contest, but of attempting to take 
an impressive step forward, in the common 
interest, on the road to interplanetary space 


travel. 


Significantly the chief engineer in charge of 


the Pioneer operation at Cape Canaveral had 
warned his men against premature rejoicing: 
‘Although we are civilians, we must observe 
the strictest military discipline during the next 
few hours. | must ask you not to shout or 


cheer...” 


To return to the Washington press con- 
ference: although the scientific results of the 
moon probe were not then available, the 
statements by the panel members clearly 
revealed the multitude of difficulties which 
will have to be overcome before manned space 
travél can be contemplated. For example, 
General O. J. Ritland, Vice Commander, Air 
Force Ballistic Missile Division, stated that 
all the power units had performed satisfac- 
torily, yet the velocity attained was only 
34,400 ft./sec instead of the planned 35,250 ft., 
sec, so that the vehicle had been unable to 
overcome the earth’s attraction. In addition, 
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Pioneer Illustrated 


Destination ... moon 


there was a slight trajectory error which would 
in any case have made it impossible for the 
satellite to reach the planned moon orbit. 
The fact that despite these discrepancies the 
vehicle advanced to more than 79,000 miles 
from the earth’s surface and almost met the 
required programme is even more impressive 
when it is remembered that the Pioneer was 
built up of some 300,000 interdependent parts 
which had to work in complete harmony. 


What are the prospects for manned moon 
vehicles ? It would seem very doubtful whether 
the prefabricated “‘moon building” designed 
by the American astrophysicist Dr. J.S. Rine- 
hart will be required in the near future. The 
duralumin structure, 370 ft, long and 70 ft. 
high, a model of which was recently exhibited 
in New York, embodies the latest scientific 
refinements comfortable living quarters, 
modern laboratories, radio station, shielding 
against meteorites; but no instructions for 
getting it to the moon come with it. 

But even if it did prove possible to land this 
shining palace on the moon, it would be very 
doubtful whether it had not been “built upon 
dust”, and moreover on dust of a most dis- 
concerting nature. “‘The first man who plants 


a rubber boot on a lunar surface may be in 
for an unpleasant surprise,” wrote John 
R. Platt, astrophysicist of the University of 
Chicago, a few months ago. Recent research 
had shown that the layer of dust covering 
the moon was chemically completely unstable, 
and violent reactions might be expected if 
foreign bodies came into contact with it... 
This prediction can probably be regarded as 
fairly reliable as, compared with other 
heavenly bodies, the moon is a close neigh- 
bour to the earth, and the astronomers (and 
poets) have been able to paint a fairly detailed 
picture of processes on its surface. The moon 
is sO near to us, says British astronomer Sir 
Harold Spencer Jones, that there is no diffi- 
culty in detecting objects the size of St. Paul’s 
Cathedral under favourable observation con- 
ditions. 

Conditions on the moon were also de- 
scribed in a news release from the U.S. Air 
Force Ballistic Missile Division. 

However that may be, the United States 
Congress considers it to be urgently necessary 
to internationalize space research and space 
travel. 

‘International Cooperation in the Explo- 
ration of Space” is the title of a report which 
a Select Committee submitted to the House 
of Representatives on October 15th, 1958, 
and which strongly recommends the creation 
of an international organization in accord 
with the principles of the United Nations 
Charter. In other words, it looks as if we shall 
shortly have... a new abbreviation to remem- 


ber. * 


Despite the lighthearted tone of these 
remarks—in keeping with the Christmas 
season—we should not forget how seriously 
the launching of space vehicles is taken on 
both sides of the Iron Curtain and what 
gigantic sums are being spent on them. The 
following picture report from Cape Canaveral 
gives some idea of what is involved in the 
USAF’s moon rockets alone. 


» 


The whole night was taken up with final preparations for 
launching the Pioneer J. The firing, like other launchings 
of American moon rockets, was made from the Cape 
Canaveral, Florida, Missile Test Center. 
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Engineers check the (white) solid-propellant rocket motor of the third 
stage and the satellite vehicle, complete with braking rocket (note the 
nozzle protruding from the satellite nose). When this check is complete 
the second part of the casing is set in place; both casing halves are 
ejected after burnout of the second stage. 


The Thor first stage of Pioneer J is checked out before the second stage, shown in the lower picture, 
is attached. Most of the technical personnel is supplied by the manufacturers, and uniforms are rare 
at Cape Canaveral. 


Immediately before mating the first and second stages (lower picture)... 
shortly afterwards the third stage is attached from a 100-ft. platform on 
the gantry service tower (upper picture). The utmost precision is neces- 
sary in all assembly work as the slightest error can mean failure. 








Medical “immigration formalities’ completed! It is officially stated that the 
satellite body is carefully decontaminated (upper picture) to prevent the impor- 
tation of disease carriers on to the moon. Even in the installation and adjust- 
ment of the eight vernier engines for the final stage the greatest care is taken 
to avoid contamination. 





The final stage of the Pioneer, complete with retro-rocket and eight vernier engines, 
was set on the third stage solid-propellant motor (upper picture). Once the conical top 
shell has been placed in position (lower picture), the outer casing can be fitted. 


Sideview of the moon vehicle’s final stage: the dark round window in the circular 
casing contains the lens for the infrared television camera; protruding from the 
top of the satellite body is the nozzle portion of the retro-rocket. 
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Interior of the satellite body, showing the transmitters and measuring instru- 
ments attached to the circular casing; in the centre is the mounting for the 
retro-rocket. 


Have we forgotten anything? A last thorough check is made at the Space Technology 
Laboratories in Los Angeles before the Pioneer components are shipped to Cape 
Canaveral. 
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The Pioneer's identity card 


The USAF's Pioneer space research vehicle presented in pictures on these pages goes 
back to an Advanced Research Projects Agency programme which was first outlined 
by the Secretary of Defense on March 22nd, 1958, and is aimed at exploring the portion 
of space near the moon, as a contribution to the International Geophysical Year. Under 
this programme the Air Force Ballistic Missile Division was given the task of launching 
three lunar probes of similar design, with the aid of which certain basic problems 
inherent in space travel were to be solved and data collected about the moon itself. 
Thanks to intensive cooperation of all concerned, the USAF was able to prepare the 
required moon vehicle within a few months and undertake the tests that have become 
so well-known from the press. The vehicles used were each composed of a Douglas 
Thor medium-range rocket as first stage, and the Aerojet liquid-propellant rocket used 
in the Thor-Able project as second stage. However, experience of the Aerojet rocket 
has so far been much less extensive than that of the first stage. Eight small auxiliary 
rockets were used to set the second stage into a spin, turning it (along with the third 
and fourth stages) several times a second about its longitudinal axis. The third stage 
was a solid-propellant rocket made by Allegany Ballistics Laboratory; this had been 
developed for the Vanguard satellite rocket and prior to the launching of the first USAF 
moon probe had been tested only on the ground. Such was the three-stage vehicle 
on which the actual moon satellite was mounted. The latter was an elongated instru- 
mentation package (developed by the Ramo-Wooldridge Corp.'s Space Technology 
Laboratories) containig a Thiokol retro-rocket and carrying round its base eight small 
vernier engines for final corrections to velocity and direction. Inside the 84-lb. satellite 
were instruments totalling 30 Ib. in weight, including magnetometers, micrometeorite 
counters, radiation and temperature recorders and an infrared camera and transmitter 
whose photo-electric eye was to record a “picture’’ of the moon's surface at every 
rotation of the satellite body (speed of rotation of Pioneer /, roughly 110 r.p.m.) and 
transmit this picture in coded form back to earth. The three-stage carrier vehicle was 
to accelerate the satellite to a velocity of 35,250 ft./sec. However, this velocity was not 
achieved in either the first or the second USAF moon vehicle. 


Evaluation of tracking data and of the data transmitted by the vehicle was done at 
the Space Technology Laboratories’ El Segundo centre, where an IBM 704 computer 
processed the information received by teletype from all over the world and immediately 
passed the results to the Air Force Ballistic Missile Division's Communications Center. 
For tracking purposes use was made of radar telescopes and other reception equipment 
in various parts of the world, which also recorded the data transmitted from the satellite. 
The University of Manchester's giant equipment (the Jodrell Bank telescope) and the 
USAF installations in Hawaii, Patrick AFB, Florida, and Millstone Mountain, N.H., 
were also used to obtain angular data on the payload vehicle. 


Technical data 


Propellant feed by compressed helium 
gas, raised to high feed pressure by a 
powder charge 


First stage: 
Airframe: Douglas 
Propulsion: Rocketdyne 
Weight: over 100,000 Ib. 
Thrust: approx. 150,000 Ib. 


Propellants: RP-1 (kerosene) 
and liquid oxygen 


Turbopump propellant feed 
Engine chamber temperature: 5,000°F 


Velocity of vehicle on burnout: 
10,000 m.p.h. 


Altitude at burnout: 90 miles 


Third stage: 


Airframe: Space Technology 
Laboratories 


Rocket motor: Allegany Ballistic 
Laboratory 


Weight: over 400 Ib. 
Thrust: approx. 2,500 Ib. 
Propellant: solid mixture 


Payload: 


Airframe and instrumentation: 
Space Technology Laboratories 


Second stage: 


Airframe and propulsion: 
Aerojet-General Retro-rocket: Thiokol 


Control instrumentation and spin TV-type infrared scanner: Naval 
rockets: Space Technology Laboratories Ordnance Test Station 


Weight: over 4,000 Ib. Weight: 85 Ib. 
Thrust: approx. 7,500 Ib. Thrust: 3,000 Ib. 
Propellants: hypergolic fuel and oxidizer Total height of Pioneer: 88.1 ft. 
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The gantry has been rolled away and the cables disconnected, the first stage Rocketdyne 
motor has been ignited and brought up to full thrust, and the moon vehicle slowly rises 
from the platform. 


The major role in tracking the American moon rocket and receiving the information 
it transmitted from space was played by the University of Manchester’s Jodrell Bank 
radar telescope with its 250-ft. diameter paraboloid (lefthand picture). The worldwide 
network of tracking and receiving stations also includes this 60-ft. parabolic antenna 
(righthand picture) near Kanae, Hawaii. In the right foreground is one of the helical 
antennas used for transmitting command signals to ignite the vernier engines on the 
satellite’s final stage. 


























L, these days of routine supersonic flights by 
both fighters and bombers, of scheduled commer- 
cial operations by high-speed jets and economical 
cargo aircraft, of business travel by air and of 
helicopter services—not to mention sports flying 
-aircraft engines must fill the whole range of 
powerplant applications in all appropriate power 
classes. Proven, dependable engines are today 
available in the following categories: 


1. Piston engines (to drive propellers or rotors); 

2. Propeller turbines; 

3. Turboshaft engines (to drive rotors or acces- 
sories); 

4. Gas turbine compressors; 

5. Simple turbojets; 

6. Double-flow turbojets; 

7. Turbojets with reheat; 

8 


. Ramjets (pulse-jets now appear to be doomed 
to disappear); 


9. Rocket motors; 


10. Hybrid powerplants (turbo-ramjets, e.g., for 
the Griffon; turbo-rockets; ramjet-rockets). 


A table of the aircraft engines in production 
today —or about to go into production—is pub- 
lished on pages 1279 to 1284 of this issue; it covers 
all the above-mentioned categories with the 
exception of the hybrid powerplants for which 
no reliable data are yet available. 


Development trends 


Among piston engines there has been a further 
increase in compression ratio, which in the Lyco- 
ming GO-480 six-cylinder opposed-type engine, 
for example, reaches the record figure of 8.85 : 1 
though this requires the use of 100/130-octane 
gasoline. With a take-off rating of 295 h.p. at 
3,400 r.p.m. and an installed weight of 465 lb. 
(excluding propeller), the GO-480 has a power-to- 
weight ratio of 0.64 h.p/lb., a relatively high 
figure for this power class but only about half as 
good as for a propeller turbine of equivalent 
rating. Although the latter cannot yet compete 
in the lower power brackets with the piston 
engine as regards reliability, fuel consumption 
and first cost, it is already clear that it will increas- 
ingly displace the piston engine. This develop- 
ment is particularly likely in helicopters, where 
every pound of equipped weight saved pays for 
itself two or three times over... and is thus well 
worth the additional initial cost. Yet the propeller 
turbine and turboshaft engine will never entirely 
oust the piston engine: sports and private flyers 
(and many owners of business aircraft) will cer- 
tainly remain faithful to it, not only out of tra- 
dition but also from economic considerations. 


Propeller turbines and turboshaft engines to 
power fixed-wing, rotary-wing and STOL air- 
craft are thus clearly on the advance. In the 
medium and upper power classes —and speaking 
of the actual engines alone —they have reached or 
bettered a power-to-weight ratio of 2.5 h.p/Ib., 
and the specific fuel consumptions of the best 
designs, both on the ground and in the air, are 
now only insignificantly higher than those of 
comparable piston engines. For example, the 
General Electric T58, designed for helicopters 
and other VTOL aircraft, has a shaft power of 
1,050 h.p. and an installed weight of 340 Ib., 
giving a power-to-weight ratio of 3.1 h.p./Ib. 
(even including reduction gear for an output 
speed of 6,000 r.p.m.), and a fuel consumption of 


The 1958 Engine Picture 


0.67 Ib/hr/lb. in continuous operation (900 h.p.) 
at sea level. These are of course optimum values, 
which have not yet been achieved by other 
designs in this power class, except by the Gnome 
version of the T58 now being manufactured by 
de Havilland under licence. 


There is little new to write about the gas turbine 
compressors. They range from the small Solar T45 
for only 50 gas h.p.', to the special Eland 7 ver- 
sion of the Napier propeller turbine which deliv- 
ers roughly 3,500 gas h.p. for the Fairey Roto- 
dyne VTOL aircraft (cf. Interavia No. 6, 1958, 
p. 571, etc.). 

In the simple turbojet category, on the other 
hand, there are at least three new trends to be 
reported: 


e A further increase in the number of compres- 
sor stages and hence in the compression ratio in 
engines for subsonic commercial transports, 
with the object of reducing fuel consumption 
during cruise. The highest figure of 17 stages is 
reached by the General Electric CJ-805 (civil ver- 
sion of the J79) and by a new civil version of the 
Rolls-Royce Avon (RA.29/5), as related else- 
where in this issue. A total of 16 compressor 
stages —on two independently driven axial com- 
pressors —is to be found in the Pratt & Whitney 
JT3 (J57) and JT4 (J75) and the Bristol Olympus. 


@ The development of the turbojet to meet the 
requirements of supersonic flight at high Mach 
numbers (up to Mach 3 and above): reduction in 
the number of compressor stages; all-steel con- 
struction; improvement in air intakes through 
the use of central bodies for oblique shock; 
reheat; convergent-divergent nozzles. Further 
details will be found in a reporton SNECMA’s Su- 
per Atar (page 1291). In this connection mention 
should also be made of A.A. Lombard’s suggestion? 
that engine speed should be progressively raised 
as a function of intake temperature at increasing 
flight Mach number, as this would increase the 
air flow: at Mach 3 and an intake temperature 
of approx. 300°C (573°K) a roughly 24% higher 
rev. speed is permissible than at Mach 2 and an 
intake temperature of 100°C (373°K), as the 
speed of sound in air increases with the square 
root of the absolute temperature (in degrees Kel- 
vin). Thanks to this artifice it would appear to be 
possible to get roughly three times as much thrust 
at a flight Mach number of 2.7 as at Mach 1, 
under otherwise similar conditions?. 


@ Development of lightweight turbojets with 
thrusts of from 2,000 to 3,000 lb. The exception- 
ally high power-to-weight ratio of this class of 
engine —which approaches the figure of 8:1 in 
the Fairchild J83, General Electric J85 and 
Rolls-Royce RB.108 and reaches the respectable 
level of 6.7: 1 in the slightly more powerful Pratt 
& Whitney JT12—makes these engines particu- 
larly recommendable for jet-powered STOL 
aircraft. In addition, in a multiple installation, 
they can replace medium-power turbojets and 
are therefore suitable for the equipment of smaller 
communications and business aircraft. 


Development of high compression ratio double- 
flow engines for commercial transports operating 


1 Gas h.p. (or air h.p.) is the power which a 100% 
efficient turbine would deliver when fed with the engine’s 
full air output. 

2 A. A. Lombard (Rolls-Royce Ltd.): ‘Thinking about 


Aircraft Engines’’, paper read to the Leicester Branch of 
the Royal Aeronautical Society on January 15th, 1958. 





in the upper subsonic range has really got under 
way at last, since the Rolls-Royce Conway by-pass 
engine has paved the way with decisive improve- 
ments in specific fuel consumption: General 
Electric has brought out the CJ-805-21 aft-fan 
engine (see following article), Pratt & Whitney 
has reportedly been investigating various front- 
fan attachments for the JT3 and/or JT4, and 
Rolls-Royce recently announced the development 
of a second by-pass engine, the RB.141 (12,000 Ib. 
thrust class), three of which will be mounted in 
the rear of the D.H.121 medium-range airliner. 


All that need be said here about afterburners 
is that they are at present used only in conjunc- 
tion with simple jets, where they are capable of 
raising the in-flight thrust of the basic engine by 
30 to 40% at Mach 0.25, by 50 to 70% at Mach 1, 
by roughly 100% at Mach 2 and by up to 300% 
at Mach 3. A description of an advanced after- 
burner will be published in a forthcoming issue. 


Pure ramjets, which always require some form 
of take-off aid and have a much higher fuel con- 
sumption than turbojets until they reach very 
high supersonic speeds (above Mach 3), are at 
present used only in pilotless missiles (Bomarc, 
Bloodhound, Talos), but are already under con- 
sideration—in combination with turbojets—for 
manned high-performance fighters (cf. R. R. Ja- 
mison: “The Ramjet Engine” in /nteravia No. 9, 
1958, p. 955, etc.). If the ramjet is arranged con- 
centrically, rather than parallel, to the turbojet, 
the result is a ramjet hybrid known as a “‘ducted 
jet engine”’, or in French “turbo-stato”’. This kind 
of integration has already been used in the man- 
ned Griffon and Leduc 022 experimental aircraft 
(cf. J. Dupin: *‘A Combination Powerplant for 
High-Performance Aircraft”, in No.4, 1958, 
p. 349, etc.). 


Liquid-propellant rocket motors are making 
further progress as prime movers or auxiliary 
engines for manned aircraft. One example is the 
North American X-15 high-altitude research air- 
craft and its two Reaction Motors XLR 11-5 
rockets (see ‘“‘Progress in Pictures” in this issue). 
Liquid-propellant auxiliary rockets are also fitted 
in the Dassault Mirage III A high-performance 
fighter (SEPR rocket) and the English Electric 
P.1B (Napier rocket), with the particular object 
of ensuring adequate manoeuvrability at high 
altitudes, as well as in a number of Valiant and 
Canberra bombers, where they improve the take- 
off and climb performance under overload con- 
ditions. And of course JATO  solid-propellant 
rockets are still in use as take-off aids. 


Rocket hybrids are at the time of writing being 
theoretically and experimentally investigated by 
Britain’s National Gas Turbine Establishment, 
in two different basic forms: 1. integration of 
rocket and turbojet (the so-called turbo-rocket); 
2. integration of rocket and ramjet (so-called 
ducted rocket). Neither of these two propulsion 
systems has yet been tried out in practice in a 
manned aircraft, as far as is known. 


x 


Finally, it should be recalled that both the 
United States and the Soviet Union are pushing 
ahead with their research and development work 
towards the utilization of atomic energy for aircraft 
propulsion. Some aspects of American develop- 
ment are discussed in an article by D. R.Shoults 
at the end of this issue. 
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Development 
of the CJ-805-21 Turbofan Engine 


By A. P. Fioretti 


Manager, Applications Engineering, Commercial Engine Operation, General Electric Company, Cincinnati, Ohio 


Although reliable, low cost turbojet engines 
were available in production quantities in the 
United States as early as 1946, they were con- 
sidered impractical for commercial transport 
application for three compelling reasons: fuel 
consumption, thrust and weight. 

Not until the specific fuel consumption 
(SFC) of the turbojet engine was reduced to 
0.90-0.95 (lb. fuel/Ib. thrust/hour) at cruis- 
ing speeds (Mach 0.8 at 35,000 feet) did the 
turbojet engine become practical from the 
economic standpoint for commercial use. 
This improvement in aircraft turbojet effi- 
ciency was achieved through the development 
of high compressor pressure ratios, high com- 
ponent efficiencies, and materials to withstand 
high turbine inlet temperatures. 

Engine designers realized a number of years 
ago that when the straight turbojet engine 
reached the pressure ratios and efficiencies 
offered in today’s engines, further decreases in 
SFC would be very difficult to obtain. The 
fact that these pressure ratios and efficiencies 
are near optimum would make it difficult to 
further improve fuel consumption. 

In the area of engine power, it has been 
widely recognized that a commercial turbojet 
must have high take-off thrust together with 
a level of cruise thrust giving speeds in the 
range of 0.8-0.9 Mach. The straight turbojet 
does not fit these thrust characteristics par- 
ticularly well. An engine designed for the 
necessary take-off thrust will be overpowered 
at cruise. The engine designed for the neces- 
sary cruise power will require some form of 
take-off thrust augmentation. 

The nature of commercial transport opera- 
tion has also made it necessary to develop 
an engine of minimum weight and size while 
maintaining maximum mechanical reliability. 
Consequently, any improvement in thrust and 
specific fuel consumption must also maintain 
or improve the specific weight and reliability 
of the engine. 

To achieve these improvements above and 
beyond the first generation commercial turbo- 
jets for engines of the 1960-1965 time period, 
the General Electric Company recognized 
that some improvement must be made to the 
basic turbojet cycle. G-E studies indicated that 
the optimum combination of specific fuel con- 
sumption and specific weight, as well as the 
desired match between cruise and take-off 
thrusts, could be achieved by using the by- 
pass principle with a high pressure ratio gas 
generator. Cycle studies showed that this ideal 
by-pass engine for subsonic transports would 
have a gas generator pressure ratio and tem- 
perature equal to that available in today’s 
high performance commercial turbojets and 
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Fig. 1: Simplified drawing of General Electric’s aft-fan engine: the primary (hot) flow from the basic gas generator sets 
the free floating turbine in motion, providing the power to compress the secondary (cold) flow. 


Fig. 2; Each of these “two-storey” bluckets consists of 
an outboard compressor blade for the secondary airflow 
and an inboard turbine bucket driven by the hot primary 
exhaust; in the position shown here the bluckets rotate 
clockwise and receive the flows from the front. 






































a by-pass pressure ratio of 1.5 to 1.6 or higher 
with a by-pass airflow ratio of 150% or more. 
(total airflow equal to 2!4 times main gas 
generator flow). 

In 1954, the Company launched a program 
to demonstrate these performance objectives. 
Two design courses of action were well known: 
a forward fan attached and actually forming 
the front portion of the gas generator com- 
pressor; and, an independent aft fan obtaining 
its energy from a separate free floating turbine 
(see Figure 1). The Company investigated 
both designs, eventually dropping the multi- 
stage front-fan design after substantial testing 
was completed because the aerodynamic and 
mechanical problems encountered required 
a major engine redesign which was not justi- 
fied at that time. 

Work on single-stage compressor blading 
continued at NACA and within General 
Electric’s laboratories to the extent that an 
airfoil was developed with the ability to pro- 
vide the required pressure rise through a single 
stage of blading. After subsequent develop- 
ment testing, the single stage compressor 
design was adapted to an aft-fan component 
for actual engine testing (see Figures 2 and 3). 
Since a gas generator of the required pressure 
ratio and efficiencies was already available 
in the CJ-805-3 turbojet, this engine’s gas 
generator was mated to the aft-fan component. 

In 1957, a CJ-805-3 turbojet engine was 
modified for the aft-fan component. The aft 
frame, which houses the No. 3 bearing and 
primary engine mounts, was removed (see 
Figure 4) and replaced with the fan assembly 
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as shown in Figure 5. During its initial 75 
hours of test cell operation, this engine 
demonstrated performance by attaining all 
the design objectives for thrust, SFC and 
acceleration characteristics. It proved its 
mechanical integrity early in its cell testing by 
completing an unofficial 50-hour Preliminary 
Flight Rating Test. 

The results of these and subsequent tests 
were so successful that the Company offered 
the aft-fan as a growth version of the CJ-805 
commercial turbojet. In July of 1958, Convair 
Division of General Dynamics Corporation 
announced the sale of 25 Convair 600 jet air- 
craft to American Airlines powered by the 
CJ-805-21 turbofan engine for introduction 
to airline service during 1961-62. 


The addition of the aft fan to the basic 
CJ-805-3 has no effect upon the gas generator 
thermodynamic cycle, since the turbine nozzle 
of the aft fan essentially replaces the exhaust 
nozzle of the turbojet engine, thus maintaining 
the same turbine exhaust conditions on the 
gas generator. For this reason, identical parts 
have been used for the gas generator of both 
engines including the basic fuel control. The 
changes required are the addition of a larger 
lubricating system to account for the aft-fan 
bearings, an over-ride on the fuel control to 
prevent fan overspeed under emergency con- 
ditions, and replacement of the turbine aft 
frame to make it integral with the fan assembly. 

The starting characteristics of the aft-fan 
engine are identical to those of the straight 
turbojet. The inertia and gas flow restriction 
of the fan component do not affect the gas 
generator being started. The acceleration 
characteristics of the engine in going from 
idle to maximum thrust are very nearly identi- 
cal to the straight jet, with an acceleration 
time of about four seconds. For all practical 
purposes, the turbofan engine maintains the 
same throttle characteristics of the CJ-805-3 
engine. Contrary to first impressions, the free 
floating fan does not tend to wander or over- 
shoot during engine accelerations. The energy 
balance throughout the system involves such 
large gas loads that the inertia of the wheel 
itself becomes inconsequential in those operat- 
ing regimes where rapid accelerations are 
required. 

Although the thrust ratings of the engine 
at a given power setting are increased con- 
siderably as compared to the basic turbojet 
engine, there is no increase in fuel flow for 
a given power setting when the aft fan is 
introduced. The increase in thrust is derived 
entirely from a change in propulsive efficien- 
cy*. This change in propulsive efficiency 
results from the reduction in gas velocity and 
the increase in mass flow of the exhaust 
stream. For example, at take-off ratings the 
thrust of the turbofan engine is increased by 
approximately 50 % with nochangein fuel flow. 


The improvement in propulsive efficiency 
decreases with increased aircraft velocity, 


* If V is the aircraft velocity and C the mean exhaust 
2as velocity, then propulsive efficiency is 2V/(C + V).— Ed. 
















Fig. 3: The complete aft-fan assembly (supported by two 
bearings). 





Fig. 4: Removing the turbine rear frame from the basic 
CJ-805-3 engine. Beneath the one-piece frame can be seen 
the two-piece turbine stator casing and combustion liner 
casing, followed by the one-piece central frame. 


Fig. 5: Fitting the fan front frame (and the aft-fan rotor 
suspended from a crane) to the basic engine, which thus 
becomes the CJ-805-21 model. 






























but the operating envelope of a commercial 
subsonic transport is such that the improve- 
ment in propulsive efficiency still results in 
an increase of 12% to 18% in thrust with no 
increase in fuel flow. 

The installation configurations for the aft- 
fan engine are varied. While the maximum 
engine diameter is approximately equal to 
that of other turbojet engines in the 15,000 
pound thrust class, the overall length is con- 
siderably less because a long exhaust pipe 
or mixing chamber, as well as noise suppres- 
sor, is not required. The inlet passages to the 
fan and gas generator may be either common 
or separate, making possible the use cf a short 
cowl inlet for the fan and thereby achieving 
both lower weight pod and reduced drag. The 
determining factors for the installation con- 
figuration, however, are primarily aircraft 
drag and ground clearance considerations. 
Studies indicate that it is not possible to speci- 
fy a single type of inlet for the engine. 
Individual aircraft needs will dictate the 
choice. While a common forward inlet of the 
type used on the Convair 600 appears to 
restrict the accessibility of the engine for 
maintenance purposes, the secondary duct 
can be made an integral part of the pod doors, 
with no effect on accessibility. 

A first analysis of the aft-fan engine per- 
formance might indicate that the engine is 
suited only for aircraft with a long range 
cruise mission. A closer analysis of the vari- 
ables affecting performance, however, will 
show that this is not the case. The aft-fan 
engine offers the following improvements 
over the straight turbojet for a modest increase 
in engine weight and complexity: 

e 50% improvement in take-off thrust. 

e 20%-40% improvement in climb thrust. 

e 12%-18% improvement in cruise thrust. 

e No increase in fuel flow for a given power 

setting. 

These characteristics can be combined in 
various arrangements to provide an optimum 
aircraft for a number of missions. The higher 
take-off thrust may shorten runway require- 
ments for a given gross weight or may increase 
the payload or fuel capacity of a given air- 
frame while maintaining the same take-off 
distance. The advantages in climb power may 
make for more rapid climb to cruising alti- 
tude, thereby reaching cruising altitude in a 
shorter time using less fuel than for the same 
gross weight aircraft using the straight turbo- 
jet. There are two ways to realize the turbo- 
fan’s advantages at cruise, depending upon 
operation needs: 1) maintaining the same fuel 
flow as a straight turbojet will provide more 
thrust, and greater speed, or 2) maintaining 
the same thrust as a straight turbojet and the 
same cruising speed, require less fuel and 
thereby extend range. During loiter or holding, 
a low amount of thrust is required; therefore, 
the improved engine performance can be 
utilized by holding thrust constant and taking 
the advantage in fuel savings as compared to 
the straight turbojet. These characteristics 
allow for a flexible application of this engine 
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Fig. 6: Longitudinal section (and side view) of the CJ-805-21 aft-fan engine. 


1 front frame 
variable compressor inlet guide vanes 


o nw 


front compressor stator casing (in two 
pieces; 
stator blades and one fixed stage, No. 7) 


os 


rear compressor stator casing (in two 


pieces; with the stator blades of the 44 damper bearing 


remaining ten stages) 





9 aft-fan rotor 

10 rear casing for aft fan 

11 front gearbox and bearing No. 1 
with six stages of variable 12 transfer gearbox 


15 rear gearbox 
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13 first stage of the 17-stage compressor TS ote AP Las Oe pk eh OS 3,700 Ib. = 1,680 kg 
rotor BS ar ae ee 144 in. = 3,658 mm 
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5 compressor rear frame : Pressure ratio, aft fan 
; ‘ : , 16 bearing No. 2 
6 combustion liner casing (in two parts) j 
and combustion section 17 turbine rotor (three-stage) 


7 turbine bucket containment ring and 18 bearing No.3 
turbine stator (in two parts) 19 bearing No. 4 (for aft-fan rotor) 
8 fan front frame 20 bearing No.5 (for aft-fan rotor) 


to whatever mission the airframe designer 
may require. 

The noise characteristics of the CJ-805-21 
represent another area of major improvement 
as compared with the straight turbojet. Not 
only is the peak noise level reduced, but the 
spectrum with respect to frequencies is con- 
siderably altered. Analysis of sound data 
obtained from engine tests indicates that from 
the standpoint of subjective response the 
CJ-805-21 engine, which is in the 15,000 pound 
thrust class, equals present turbojet engines 
in the 10,000-11,000 pound thrust class with 
noise suppressors providing 8 to 10 db. 
reduction. This feature has the two-fold 
advantage of eliminating the cost and main- 
tenance efforts expended on a suppressor and 
the performance and weight penalties of the 
suppressor installation. 

The configuration of the aft-fan engine is 
such that it lends itself to the adoption of a 
clam shell type reverser which would be 
stowed around the outer casing of the fan 
constituting its aft fairing. This arrangement 
provides a minimum weight thrust reverser 
with a minimum length pod. 

The CJ-805-21 aft-fan engine (see Figure 6) 
maintains the maintenance features incorpo- 
rated in the basic CJ-805-3 gas generator; 
horizontally split casings for inspection and 
repair of the compressor, combustion and 
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Dimensions and main data for the CJ-805-21 
Sea level take-off thrust class 
Diameter of front frame (basic engine). ....... 
Diameter of aft-fan front frame (8) 


ee ar ake er ek ee ee ae Te 24 
Additional features: Single-rotor basic engine; variable compressor inlet 
guide vanes and stator blades in first six stages; five main bearings; cannular 
combustion chamber with ten flame tubes. 


15,000 Ib. = 6,800 kp 
32 in. = 813 mm 
53 in. = 1,346 mm 








Fig. 7; CJ-805-21 on test: During its initial 75 hours of 
testing, the engine demonstrated performance by attaining 
all design objectives for thrust, SFC and acceleration. It 
also proved its mechanical integrity by completing an 
unofficial 50 hour Preliminary Flight Rating Test. 





turbine sections, minimum matched parts, 
and external mounting of accessories. The 
aft-fan assembly uses the same pressurized 
lubricating system with moderate bearing 
temperatures, employs the same materials for 
the turbine shafting, disc and blades as is 
used in the turbine section of the basic gas 
generator. Removal or replacement of the fan 
component for maintenance purposes may 
be performed as a complete unit or in the 
form of any of its four major sub-assemblies. 
Assembly experiences at the factory indicate 
that either approach may be used with full 
success, depending upon the requirements of 
the particular maintenance facility. 


In the future, the aft fan may offer many 
possibilities in new aircraft design. Improve- 
ments in the basic gas generator will show up 
as equal or greater improvements in fan engine 
performance. A single gas generator, which 
is the most difficult component to develop, 
may be mated with a variety of aft fans so 
that a family of engines could fill the missions 
of straight turbojets for high speed subsonic 
transport, VTOL aircraft and boundary layer 
control machines. In this era when develop- 
ment of aircraft engines represents a multi- 
million dollar investment, the fan offers the 
aircraft designer a new freedom with respect 
to obtaining engine characteristics that are 
best suited to his particular airframe. 
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The Development of the Avon RA.29 
Engine for Civil Jet Transport 


By E. Eltis, B.Sc. (Eng.), Assistant Chief Engineer, Transport Jet Engines, Rolls-Royce, Ltd., Derby 






























Now that the Comet 4 has started passenger 
carrying and the Caravelle will very shortly also 
be in airline service, it is a good opportunity to ee a 
review the progress of the Avon RA.29 engine 
which powers these two aircraft, and to give an 

indication of how it is being developed towards ie a a, | TAKE- OFF | J 
further improvements in performance without 

sacrificing the high standards of reliability 
demanded from the civil transport engine. 
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FLAME TURBINE 


When design commenced on the RA.29 in TEMP °K EFFICIENCY 


October 1954 the conception in our mind was 
an engine combining the experience of the tried 
features of the military Avon with the higher 
component efficiencies and higher air flows which 











we were learning to achieve. 

The basic RA.29 differs from the previous 
military transport version of the Avon by having 
an extra stage at the front of the compressor giv- 
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ing increased airflow and compression ratio and | TOTAL 

by having a turbine of very high efficiency (Fig./). 3 94 y REDUCTION 
The mechanical design aimed at higher com- IN CRUISE SEC 
ponent parts lives than were necessary on the 137 1% 4 Y 24 y | 17 % INCREA Fr 





military Avon and added additional safety features 
essential on a civil engine like, for instance, a 


very high standard of anti-icing equipment. Fig. 1: Brief development history of the civil Avon RA.29: Compared with the RA.28 military 


Production engines are showing an average engine (for transports), airflow, pressure ratio, flame temperature (in degrees Kelvin) and turbine effi- 
take-off thrust of 10,650 Ib. at a specific fuel con- ciency were modified to the values shown; a two-position nozzle was also provided. These measures 
sumption of 0.76 Ib./hr/Ib. and of 0.72 1Ib./hr/Ib. give up to 17% more take-off thrust and a 914% reduction in specific fuel consumption during cruise. 
at 80% of take-off thrust. This compares with It should be noted, however, that the figures quoted are for take-off r. p.m. on the test bed; at cruise 
our brochure figures of 0.775 Ib./hr/lb. at 10,5001b. conditions flame temperatures will be much lower. 


thrust and is no mean achievement for as simple 
an engine as the RA. 29 on which we had not yet 











Fig 2: Cutaway drawing of the Avon RA.29: Six-strut intake, one row of guide vanes, 16-stage axial compressor, 8 flame tubes in the cannular combustion chamber and 3-stage 
turbine. In the centre of the picture is the mechanical transmission to the accessories (e. g., generator); the starting motor (not shown here) is mounted ahead of the intake and 
covered by a cowling. 


S. Ba 
Si 
‘ Wii 48, 


mee//// Uplift iim 
an! és ia: saad UTM ie 





INTERAVIA No. 12/1958 1269 














Aircraft Engines 








Fig. 3: Starboard side of the engine, with right-hand hot air pipe for the anti-icing 
equipment and, above, rectangular air bleed for the fourth compressor stage. Below 
the intake casing is the ram which operates the guide vanes in front of the compressor. 


made use of any of the more sophisticated 
methods of improving performance. 


We judged that it was preferable to enter the 
civil jet age with an engine which was conserva- 
tively rated and to establish its reliability with a 
sufficient margin before making fuller use of its 
thrust potential and before introducing the extra 
complexity which is inevitably the price of still 
better fuel consumption. We had learned that 
aircraft usually go on being developed to meet 
the airlines’ requirements and that improved 
specific fuel consumption and particularly im- 
proved take-off thrust are then generally a great 
help. More take-off thrust is a powerful means 
of improving payload or range, provided the 
aircraft is not already stretched to its limit of fuel 
or payload capacity. 


Therefore, while the programme was in pro- 
gress to get the 10,500 lb. thrust version of the 
RA.29 ready for civil operation, development 
work went on in parallel to pave the way towards 
higher thrust and still better fuel consumption, 
and before the basic RA.29 went into passenger 
service the RA.29/3 giving 11,700 lb. take-off 
thrust had done a type test, while some develop- 
ment testing had already been done on the 
RA. 29/5 at a take-off thrust of 13,300 lb. and a 
fuel consumption considerably better than the 
basic RA. 29. 


Although these further improvements make it 
appear that the development of the 10,500 Ib. 
engine was easy, it would be wrong if this impres- 
sion were given because the change from the basic 
military engine into a civil engine required changes 
in our methods of engine development and design 
thinking, as we had learned from our experience 
on the Dart. 


Our bench development work was planned not 
only to cover the extensive testing required to 
demonstrate the safety features of the engine and 
to meet the various requirements made by the 
airworthiness authorities but included a con- 
siderable amount of additional work, the object 
of which was to establish as early as possible the 
weak points in the engine, the features which 
might become life limiting and to get as much 
advance warning as possible of troubles which 
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the generator. 


in a normal course of events one would not know 
anything about until the engine had been in 
operation for some considerable time. We had 
developed on the Dart techniques of various types 
of cyclic testing and methods of over-load testing 
at conditions tougher than those specified in the 
type test schedule. These had proved very useful 
in achieving this object, and by bench testing the 
RA.29 in accordance with these principles as 
early in the life of the engine as possible we were, 
in fact, in a position to introduce modifications 
before production commenced. A more gentle 
treatment, purely aimed at getting the engine 
through a type test and past the airworthiness 
requirements, would not have revealed these 
troubles so early. 


In addition by means of straingauges (which 
have become an indispensible tool in engine 
development) comprehensive stress and vibration 
investigations of the compressor and turbine 
were made throughout the various possible 
operating conditions of the engine. The fullest 


Fig. 5: A proof of reliability and long life: one of the eight 
flame tubes (No. 1) from the cannular combustion 
chamber of engine No. 35002 (RA.29), which even after 
1,244 hours of flight in the Comet 2E showed only negli- 
gible signs of wear. Material, Nimonic 75. 








Fig. 4: Port side of the engine, with left-hand hot air pipe for de-icing, air bleed for the 
seventh compressor stage and mechanical transmission to the accessories, in particular 


use was made of temperature measurement by 
thermopaints and the various alternative means 
for providing information on temperatures of 
internal and external engine parts. Cyclic fatigue 
testing was done in order to observe the effect 
of tens of thousands of accelerations to over- 
speed conditions and decelerations to idling, to 
determine whether the resultant stress cycles 
produced fatigue troubles on any engine com- 
ponents, thus limiting their ultimate parts lives. 
Much use was also made of the component rig 
test as a means of confirming the fatigue and 
temperature margin etc., of various components 
of the engine, and this again revealed where 
design action was desirable in order to achieve 
the long parts lives which were our aim. 


We do, of course, know that in spite of all this 
there will, as always, be surprises and unforeseen 
troubles when engine hours and parts lives begin 
to mount in service. For this reason this type of 
testing will be continued at undiminished rates 
for some time to come. However, there is little 
doubt that this method of development has con- 
tributed a great deal to the success of the endur- 
ance flying of the RA. 29 engine in the Comet 2E 
where it was shown that the engine was of a stand- 
ard that should enable it to start civil operation 
with a 1,000 hour overhaul life and that it should 
be possible to improve this fairly quickly. 


The British Civil Airworthiness requirements 
specify a very high standard of anti-icing protec- 
tion, considerably more severe than that pre- 
scribed by present American CAA rules, and for 
that reason the engine was designed with a very 
high standard of anti-icing equipment. As a result 
of development work we established that heating 
of the rotating blades was not necessary and that, 
provided adequate heat was supplied to the first 
row of stators, in addition to the inlet guide vanes, 
the engine was completely protected from ice 
through the whole range of conditions required 
by the tough British regulations. This was demon- 
strated by flight tests first in our own Ashton air- 
craft, to which an RA.29 pod was fitted, with a 
spray grid to produce water droplets of the right 
size and right concentration at the right flight 
condition (see Fig. 7). It was then further proved 
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by similar tests with a spray grid in front of 
an RA. 29 in the Comet and finally by tests in the 
Comet 4 under natural icing conditions in Central 
Africa. 


All this work fitted into the following time 
table: 


First engine run: March 1956 
First flight: August 1956 
Type test to clear 10,500 Ib. 

take-off rating: March 1957 
7,500 hrs. of endurance flight 

testing in the Comet 2E: September 1957 


to July 1958 
Production deliveries started: | March 1958 
ARB normal category approval: August 1958 
CAA type approval: September 1958 


Passenger service started in 
Comet 4 (after 19,000 hrs. on 
RA. 29 engines, of which 12,000 
hrs. were in flight, and after 
1.65 million hours on_ all 
Avons): October 1958 


When considering the further performance 
development of the RA.29 the problem to be 
solved was to obtain increased take-off thrust 
with the minimum number of modifications and 
without the increase in specific fuel consumption 
which usually accompanies uprating of the con- 
ventional jet engine. On a single shaft engine like 
the RA.29, where there is a large difference be- 
tween take-off r.p.m. and the r.p.m. required for 
cruise, the easiest solution was a jet pipe nozzle, 
the area of which could be set to two or three 
different values. By means of such a nozzle the 
take-off thrust increased without increasing take- 


Fig. 7: An Ashton flying test bed with the RA.29 and water spray grid beneath the fuselage was used for icing measurements under very tough test conditions. 
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= RA 29/3A 
o 0:-74MN 35000FT 1.S.A. 
ad NET COM- JET PIPE SPEC. FUEL 
NOZZLE THRUST R.P.M PRESSION | TEMPERA- CONSN. 
| POSITION LB RATIO TURE °C LB/Hr./LB 
7 OPEN 6850 7:78 290 0-885 
1820 
“ CLOSED 6540 7-25 349 0-932 
6 | 
60 170 180 190 200 210 
COMPRESSOR INLET FLOW FUNCTION M: VT: 
P 
| | | | | | | | 
140 145 150 155 160 165 170 175 
LB/SEC. 1.S.A. SEA LEVEL STATIC DNL/JW 4563 


Fig. 6: Diagram indicating possible improvement in cruise specific fuel consumption through use of 
a two or three position nozzle: the abscissa show airflow (sea level static), the ordinates compression ratios; 
parameter is rev. speed, i. e., the three vertical curves for take-off r. p.m. (approx. 8,000) and for 6,850 and 6,540 
r. p.m. in cruise. The table reveals that in cruising flight at 35,000 ft. and a Mach number of 0.74 the same thrust 
of 1,820 Ib. can be obtained with 5% less fuel consumption, when the final nozzle is fully open. 
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off r.p.m. by using the smaller jet pipe nozzle 
area. Since the air mass flow through the engine 
is hardly affected by nozzle area the jet velocity 
must increase, resulting in more thrust. 

For cruise (and all conditions other than take- 
off) the larger nozzle area is used, which reduces 
jet velocity and thrust but since the cruise r.p.m. 
is low, this loss of thrust can be restored by 
increasing cruise r.p.m. which, in turn, increases 
the air flow. The required cruise thrust is there- 
fore obtained at a higher air flow, a higher com- 
pression ratio and a lower gas temperature and 
jet velocity. This results in better specific fuel 
consumption than could be achieved with a fixed 
nozzle engine of this take-off thrust. 

The changes in nozzle area required for this 
purpose were quite small (about 11% to achieve 
the change of 5% in specific fuel consumption 
illustrated in Fig. 6) and it was therefore not a 
difficult mechanical problem to design a suitable 
two or three position nozzle which, as shown in 
Fig. 9 has, in the case of the RA.29/3 for the 
Caravelle, been combined with the silencer design 
of the type already in use on the Comet 4. 


The only other important changes necessary 
were detail improvements to the modification 
standard of the turbine, mainly in the form of 
somewhat better turbine blade materials to safe- 
guard the required ultimate component lives of 
the expensive hot end parts when operating at the 
higher take-off temperature. 

Development testing on the 11,700 lb. thrust 
version of the RA.29 convinced us of the value 
of the variable position nozzle as a means for 
further performance development. This led to the 
RA. 29/5 of 13,300 Ib. take-off thrust, and an 
RA.29 modified to this rating has this summer 
been bench tested, subjected to the same rigorous 
throttle handling tests as the standard RA. 29, 
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Fig. 8: The Avon RA.29 can be equipped with a thrust 
reverser, which in the Comet 4 delivers up to 65 % of the 
corresponding forward thrust at 100 knots taxi speed, 
sea level and approx. 7,500 r.p.m. A similar device with 
the same percentage braking power is used on the 
Conway by-pass engines for the Boeing 707. 


and also calibrated in our new High Altitude Test 
Plant. 

The RA. 29/5 engine differs from the RA. 29/3 
mainly by a further stage added to the front of 
the existing RA.29 compressor and further 
improvements to the turbine to make it suitable 
for higher temperatures, with the first stage tur- 
bine blades air-cooled. The extra compressor 
stage increases the airflow and compression ratio 
and therefore produces more thrust for a given 
gas temperature and better specific fuel consump- 
tion just as a similar change improved the RA. 29 
as compared with the earlier transport Avon. 
The take-off thrust is then still further increased 
by choosing the take-off area for the variable 








Fig. 9: Two-position nozzle at the end of the exhaust pipe in the RA.29/3 for the Caravelle, combined with a Comet silencer. The change in area is produced by either one or two 
simple flaps operated by rams using air from the engine compressor. The supply of the latter is controlled by valves interconnected with the engine's throttle. 


position nozzle to produce an increase in turbine 
inlet temperature compatible with the improved 
standard of the hot end of the engine. 


None of these steps alter the conception of the 
engine and none of them go beyond the experience 
which we have already acquired on our various 
other projects. Nevertheless, the result is very 
satisfactory, for not only does the RA. 29/5 pro- 
duce 27% more take-off thrust than the basic 
RA.29 at a specific weight of 0.258 lb/Ib. of 
thrust but the specific fuel consumption at inter- 
mediate thrusts (0.67 Ib/hr/lb. achieved at 
8,000 Ib. thrust) is, as far as we know, competitive 
with any comparable engine not employing the 
by-pass principle. 

Furthermore, the engine is of a type which 
makes it perfectly capable of taking advantage of 
such further performance improvements as may 
be produced by one or other of the various pos- 
sible adaptations that make use of the by-pass 
engine principle. The engineering problems involv- 
ed would be neither more nor less difficult than 
for its contemporaries. 


However, to make the best and most efficient 
use of the by-pass idea it must form part of the 
engine design from the start. There is no room 
for compromise. Due allowance must be made 
for its pod or cowling drag in deciding the opti- 
mum by-pass ratio. Such an allowance has been 
made in the case of the RB.141, the new high 
compression ratio by-pass engine which will 
power BEA’s new DH. 121 airliner. 


The first by-pass engine, the Conway, of which 
production engine deliveries to Boeing and Doug- 
las have commenced, will be flying in Boeing 707s 
and DC-8s next year. The development of this 
engine has given us the so far unique experience 
of the practical application of the by-pass prin- 
ciple. 
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The development and production programme of Pratt & Whitney Aircraft Corporation, East Hartford, Connecticut, extends from the 430-lb. JT12 lightweight jet (thrust class 
2,900 Ib.) to the ten times more powerful and correspondingly heavier J58 supersonic engine (thrust class 30,000 Ib.). The left-hand picture shows the JT12, the right-hand the J58 


leaving the test stand at P & W’s West Palm Beach, Florida, Research Center. 


Pratt & Whitney Engines 
for the Airlines 
and the Military Services 


P ce some five years thousands of Pratt & Whitney J57 jet engines in the 11,000 lb. 
and 16,000 Ib. thrust class (depending on whether they operate without or with 
reheat) have powered the majority of the USAF’s and U.S. Navy’s fastest fighters 
and fighter-bombers, Strategic Air Command’s B-52 intercontinental bombers and 
KC-135 jet tankers and the SM-62 strategic missile. Since October 26th, 1958, the 
day on which PAA opened its transatlantic services with Boeing 707s, the civil 
version of this engine (the JT3) has been in scheduled airline operation and will 
power the first Douglas DC-8s to be delivered shortly. Meanwhile its much more 
powerful successors, the military J75 and civil JT4 (thrust class 20,000 lb. with 
reheat, 16,000 Ib. without), are already leaving the assembly plant at East Hartford, 
Connecticut, in substantial numbers, neatly packed in pressurized containers, 
ready for installation in America’s very latest generation of supersonic fighters 
(F-105, F-106 and F8U-3) and the bigger (intercontinental) jet transports from 
the Boeing and Douglas stables. 


Propeller turbines of the T34 model (6,000 e. h. p. under take-off conditions) are still in 
production in limited numbers. They power the USAF’s giant Douglas C-133A trans- 
port, for example. In the rear is a pressure container (for 5 p. s. i.) such as is used for 
the transport of turbine engines. 


But this is by no means all! During the past eighteen months Pratt & Whitney 
Aircraft Division, one of the five main divisions of United Aircraft Corporation’, 
has broadened the range of its jet engines at both ends of the power scale: at the 
high-power end, the J58 military supersonic jet (for Mach numbers up to 3; 
thrust class 30,000 Ib.) successfully completed its first 50-hour test run in August 
1958; at the lower end there is the JT12 lightweight military and civil engine (for 
Mach numbers up to 2; thrust class 2,900 or 3,900 Ib.), work on which began in 
the summer of 1957, but which also made its first 50-hour endurance test run in 
August 1958. Besides all this, limited numbers are being turned out of the medium- 
power J52 (thrust class 7,000 lb.), of the T34 propeller turbine (take-off power 
6,000 e.h.p.) for the C-133A heavy transport aircraft, and finally of the proven 
R-2800 two-row radial piston engine. 


The present article can do no more than give a brief hint of these many-sided 
activities, which occupy some 40,000 workers in East Hartford and its surroundings, 
but the accompanying pictures speak for themselves. For further details the reader 
is referred to earlier articles in these pages? and to the technical data in the table 
of aircraft engines elsewhere in this issue. 


1 The other production divisions of United Aircraft are: Sikorsky Aircraft Division, 
Hamilton Standard, Norden Division, Missiles and Space Systems Division. 


2 Cf. “Motive Power for Half the World . . . United Aircraft Corporation”’ in No. 10, 
1957, p. 1037 etc., and “25 Years of Pratt & Whitney” in No. 8-9, 1950, p. 447. 


Pratt & Whitney’s main products, however, are the mighty J75 (left) and J57 (right) 
two-spool axial-compressor engines, here shown in their military versions—with after- 
burners—which power the USAF’s and U.S. Navy’s fastest all-weather interceptors. 
Civil versions of the two engines—without afterburners—bear the designations JT4 
and JT3 and are fitted in the Douglas and Boeing jet airliners. 
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Lycoming’s Half Century 


Achievements of an Engine Manufacturer 


By Robert W. Stock, Lycoming Division, Avco Manufacturing Corporation, Stratford, Conn. 


Finy years ago, in the foothills of the Pocono 
Mountains in Pennsylvania, a small, 47-man 
machine shop was organized. Its first products: 
sewing machines, laundry irons and one of the 
first automatic cup vending machines. Its name: 
The Lycoming Foundry and Machine Company.' 

The aviation world will recognize little in this 
description; for today Lycoming is synonymous 
not with paper cups but with aircraft engines. 
And the small machine shop has been replaced 


1 “Lycoming” is an Indian name meaning “Sandy 
Bottom”. 


















The giant Lycoming XR-7755 liquid-cooled 9-row radial 
engine (7,000 h. p. take-off power) completely dwarfs the 
air-cooled four and six cylinder opposed engines (from 
100 to 340 h. p.) which are Lycoming’s main products 
today. 
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General view of the Lycoming plant at Stratford, Connecticut (rear left, the long row of engine test beds). 


by two huge plants employing close to 9,000 per- 
sons, turning out engines that power more than 
75 types of fixed and rotary-wing aircraft. 


It all started about 1920 when Lycoming 
engineers, who had been devoting their time to 
engines for the Dort, Velie, Cord, and other 
autos of the era, turned to the design of aircraft 
engines. The result was the R-680*, a nine 


2 Explanation of symbols: R radial engine, O 
opposed type engine, G geared engine, S super- 


charged engine. The figure following the hyphen indicates 
the swept volume in cubic inches. — Ed. 





A batch of Lycoming T53 gas turbine engines (mixed 
compressor with 5 axial stages and one radial stage, 
annular combustion chamber, 2-stage turbine; maximum 
power 860 s. h. p.), which is supplied in two versions, as 
a helicopter power unit or as a propeller turbine. 
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cylinder, 215 horsepower radial air-cooled engine. 
It powered such aircraft as the Stearman Trainer, 
Stinson L-1, Curtiss AT-9 and Beech AT-10. The 
R-680 was in continuous production from 1929 
to 1945 and remains in use today in various 
applications. 


In 1932, Lycoming began development of high 
performance liquid-cooled aircraft engines. This 
culminated in the XR-7755, a 36-cylinder radial 
engine with a potential output of 7,000 horse- 
power which was, and remains, the largest piston 
type aircraft engine ever built. 


Meanwhile, development of smaller engines 
continued. In 1938 came Lycoming’s first opposed 
cylinder design aircraft engine which was to set 
the style for the company’s executive aircraft 
engines of the future. Then the next year, Lyco- 
ming announced the GO-145 engine, first small 
powerplant using propeller reduction gearing. 


In 1945 Lycoming announced the GSO-580, 
first geared and supercharged opposed type en- 
gine in the field. Even today, Lycoming still has 
the only certificated geared and supercharged 
engines in the opposed engine field. The O-340, 
announced in 1954, was the first modern high 
compression engine for utility aircraft. 


Today Lycoming’s opposed type piston engines 
bracket the field from 100 to 500 h. p., in direct 
drive, geared, and geared and supercharged ver- 
sions. Production of these engines is based at the 
firm’s Williamsport, Pennsylvania, plant, which 
boasts complete test facilities. A far cry from 
those early days of the R-680 are the modern 
bank of dynamometers (with capacities ranging 
from 100 to 7,000 h. p.), the 20 production test 
stands and complex electronic test equipment. 


In 1951, Lycoming occupied an Air Force 
facility in Stratford, Connecticut, and began 
turning out radial engines for the military. At the 
same time, development was begun there on a 
family of gas turbine engines. The T53, 860 shaft 
horsepower engine was the first result, is now the 
first U. S. shaft turbine to be fully qualified and 
in production. In addition, the firm has developed 
a turboprop version of the T53 and also two 
versions of a 1,600 s. h. p. turbine, the T55. 


These are the basic achievements of Lycoming 
in the aviation world in terms of quality. Quan- 
tity is another story. The firm has manufactured 
close to 80,000 aircraft engines. Lycoming powers 
approximately 75 percent of all American light 
twin aircraft, approximately 50 percent of all 
American utility aircraft. Each year the shipment 
of Lycoming engines to Europe and the other 
continents of the world has jumped. Engines 
bearing the “‘Made by Lycoming” stamp power 
more different helicopters, military and commer- 
cial, than those of any other manufacturer. 


And in the midst of this production, the firm 
has been constantly diversifying. Within the past 
few years, Lycoming has brought out a new line 
of electronic instruments, has developed a con- 
stant speed drive for aircraft applications, has 
become a leading producer of components for 
missiles and jet engines. Thus, fifty years have 
brought Lycoming a wealth of experience in a 
wide variety of fields. 
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Hunters Defend 


SWITZERLAND 


Speed, offensive power and great versatility have given the Hawker Hunter pride of 
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place in many air forces of the free world, including that of Switzerland. 
Several squadrons of Hunters are destined for service with the Swiss air force, 
forging another sturdy link in the defences of Western Europe. 


Hunters are also in service in India, Denmark, Holland, Belgium, Sweden, Peru and Iraq. 
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HAWKER AIRCRAFT LIMITED, Kingston-on-Thames, England - MEMBER OF THE HAWKER SIDDELEY GROUP 











Around the world BENDIX and AVIATION 























2 aT 





TOTES AD eR or oe 








In today’s air-minded world the problem of communi- ; 

BENDIX — cation between aircraft and ground installations has 
multiplied tremendously. In an era of overcrowded 
airlanes and long flights through all kinds of weather, 
a pilot’s ability to communicate instantly and clearly 
with informed, trained ground personnel can save a 
plane, a cargo, a hundred lives. 





Bendix—the number one name in aviation com- 
munications—has become a synonym for reliability 
the world over. If you have a communications problem 
or simply seek additional information, we’d like to tell 
you about Bendix communications equipment. 


COMMUNICATION RADIO COMMUNICATION SYSTEMS VHF GROUND DIRECTION FINDERS 
RADAR AUTOMATIC RADIO COMPASS RADAR ANTENNAS (AIRBORNE AND GROUND) 
RADIO TRANSMITTERS VHF OMNI-DIRECTIONAL RANGE EQUIPMENT MICRO-WAVE EQUIPMENT 
ISTANCE M N 

RADIO RECEIVERS sect ae — BRAKES, LININGS AND LANDING GEAR 

LANDING GEAR 

RADIO NOISE FILTERS MARKER BEACON RECEIVERS ie 

AIRCRAFT INTERPHONE SYSTEMS AIRCRAFT ANTENNAS 


CERAMETALLIC* LINING FOR BRAKES 


AMSPEAKER—PILOT LOUDSPEAKER VHF TRANSMITTERS AND RECEIVERS AND CLUTCHES 
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BENDIX— 


HYDRAULIC ACTUATING CYLINDERS 
POWER BRAKE VALVES 
SHOCK-ABSORBING STRUTS 
SHOE AND SEGMENTED ROTOR TYPE BRAKES 
WHEELS 
MASTER CYLINDERS 
HYDRAULIC BRAKE CONTROL VALVES 








From the moment a plane touches down until it is 
airborne again, its safety depends upon the perfect 
coordination of every element of its landing gear 
system. It is vital that all components of that system 
work together with unfailing accuracy and precision. 
So, common sense suggests that when you think of 
landing gear you think of Bendix, specialists in com- 
plete, integrated landing gear systems. Components 
designed and engineered to work together are more 
reliable than any arbitrarily assembled system. When 
purchasing landing gear, be sure you investigate com- 
plete landing gear systems by Bendix. We will give 
prompt attention to your inquiries. 


Division of Bendix Aviation Corporation, 205 E. 42nd St., New York 17, N. Y. 


U. S. A., Cable “Bendixint"”, N. Y. 


*REGISTERED TRADEMARK BENDIX AVIATION CORPORATION 
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TYPE 21A ADF WEIGHS ONLY 19.7 POUNDS 
Component Unit Weights: 
Receiver, 6.8 Ibs.; Loop, 4.3 Ibs.; Loop Housing, 0.5 Ibs.; 
Indicator, 1.3 Ibs.; Control Unit, 1.6 Ibs.; Power Unit, 5.2 Ibs.; 


CAA Certificate No. 1R4-9 U.S. Military: AN/ARN-59 
British Certificate of Approval VC-78 


World-Wide navigation aid 


The Time Tested ADF Now in Less Weight, Less Space 


The ADF is a basic air navigation instrument, used in all parts 
of the world, tunable to some 60,000 transmitters. But the 
important thing now about the ADF is that ARC has engineered 
an ADF system down to less than 20 pounds in weight, with 
a comparable saving in space. 

Now pilots enjoy the advantages of dual installations of this 
compact miniaturized equipment in tolerable weight and space 
requirements. 


Dependable Airborne Electronic Equipment Since 1928 


ircraft Radio Corporation Boonton, n. J. 


OMNI/LOC RECEIVERS - MINIATURIZED AUTOMATIC DIRECTION FINDERS - COURSE DIRECTORS - LF RECEIVERS 
AND LOOP DIRECTION FINDERS - UHF AND VHF RECEIVERS AND TRANSMITTERS (5 TO 360 CHANNELS) : INTERPHONE 
AMPLIFIERS - HIGH POWERED CABIN AUDIO AMPLIFIERS - 10-CHANNEL ISOLATION AMPLIFIERS - OMNIRANGE 
SIGNAL GENERATORS AND STANDARD COURSE CHECKERS ~- 900-2100 MC SIGNAL GENERATORS 


Exclusive export representatives (except Canada): Sterne, Carr and Farr Company, 425 Fourth Avenue, New York 16, N.Y., U.S.A. Cable Adress: “Staraero’’. 
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The ARC Type 21 A ADF is built to today’s more critical speed 
and environmental demands. It has hermetic sealing of vital 
components, such as the entire loop assembly. It covers all 
frequencies from 190 kc to 1750 kc... operates on only 2.8 amps 
at 27.5 volts de input or equal power at 13.5 volts. A significant 
feature is the extremely low loop drag—only two inches outside 
the aircraft skin. 

Ask your dealer for detailed literature. 
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SURVEY OF THE WORLD'S AIRCRAFT ENGINES 


1. PISTON ENGINES 




















Main dimensions Power 
Specific 
Dry fuel con- 
Type No. : 
Manufacturer Designation Layout of Width x P weight Take- ~—— Max. . sump- Remarks 
cyls Length Height Bore x wept off speed conti- ev. tion 
Stroke volume : nuous | speed |{lb./cv/hr 
or @ rating . 
; , rating or 
inches inches inches cu. in. Ib. cvorhp| rpm |evorhp| rpm_ |ib./hp/hr 

CSR 

Omnipol/Praga Doris B Straight six 6 48.4 36.8 x 24 4.53 x 4.53 | 437.4 | 43642% 220 3,000 180 2,800 0.46 In production; fitted in L-60 
Brigadyr; distributed by Omni- 
pol, Prague. 

Omnipol/Walter | Minor 4-III In-line, inverted 4 40.63 15.7 x 24.9 4.13 x 4.53 | 247.9 199 105 2,500 80 2,300 0.50 Large number built (Z.126); 

cylinders distributed by Omnipol. 
Minor 6-IIl In-line, inverted 6 49.2 17.5 x 25.2 4.13 x 4.53 | 364.3 280 160 2,500 125 2,300 0.50 Installed in Zlin Z.226 and 
cylinders 326, L.200 Morava; distribut- 
ed by Omnipol. 
Minor Sc.(M.332)] In-line, inverted 4 43.4 16.7 x 24.7 4.13 x 4.53 | 247.9 224 140 2,700 95 2,400 0.43 Installed in L-40 Meta-Sokol; 
cylinders distributed by Omnipol. 

DEU 

Porsche Type 678/1 Straight four 4 - - 3.25 x 2.91 96.5 192 65 4,500 55 4,080 0.48 Derived from Porsche auto- 
mobile engine; lighter version 
(155 Ib.) of approx. 50 hp/ 
3,300 rpm. 

FRN 

Potez 4D30 In-line, inverted 4 47.75 20.87 x 28.35 | 4.92 4.72 | 354 397 240 2,550 200 2,400 0.50 In production for Nord 3202 

cylinders, and Nord 3400. Similar to 
supercharger 4D02 (165 hp) but with super- 
charger. 
6D02 In-line, inverted 6 61.2 20.87 x 26.3 4.92 x 4.72 | 538 529 240 2,530 230 2,500 0.46 Also 6D30 of 305 hp with 
cylinders supercharger. 
8D30 Inverted Vee engine, 8 63.8 31.3 x 31.6 4.92 «4.72 | 714 739 520 2,650 415 2,650 0.46 Also 8D32 to drive pusher pro- 
supercharger pellers. 

Salmson 8AS-04.A Inverted Vee engine 8 34.6 x 28.35 | 4.72x5.51 | 775 573 260 2,000 230 1,930 0.54 Still operational, but produc- 
tion ceased (Salmson taken 
over by SIMCA). 

SNECMA- 4L00 In-line, inverted 4 53.8 19.7 x 29.9 4.72x5.51 | 385 342 147 2,340 135 2,280 — Also 4L02, 4L04 versions, etc. 

Régnier cylinders 

SNECMA- 12S02 Inverted Veeengine, | 12 74.8 27.6 x 39.0 4.13 x 4.53 | 732.3 815 580 3,300 440 3,250 0.50 More than 3,000 12S engines 

Renault supercharger built (for SIPA S.121, Dassault 
MD.311, 312, 315, SO.94/95). 

12T Inverted Vee engine, 12 ~75 ~27.6 x 39.0 | 4.13 x 4.53 | 732.3 - 600 3,300 | ~510 3,250 a Derived from 12S; various im- 
supercharger provements (cylinders, lubri- 
cant circuit, anti-icing, etc.). 

SNECMA Hercules 758 Two-row radial, 14 63 52 5.75 x 6.50 | 2,360 2,140 2,070 2,800 1,695 2,500 0.42 Built for Noratlas transports; 

(Bristol) supercharger Bristol licence. 

GBR 

Alvis Leonides 503/4 Radial, 9 54.4 41.5 4.80 x 4.41 718.6 ~795 545 3,000 460 2,900 ~0.51} Numerous versions for fixed 

supercharger and rotary wing aircraft. 
Leonides Series Radial, 9 4.80 x 4.80 a= ~860 625 3,200 _— _- ~- Like earlier versions for fixed 
530 supercharger and rotary wing aircraft. 
Leonides Major | Two-row radial, 14 62.1 38.9 4.80 x 4.41 1,117.8 1,200 885 3,000 735 2,900 |~0.55 Like Leonides, versions for fix- 
702/1 supercharger ed and rotary wing aircraft. 

Blackburn & Cirrus In-line, inverted 4 45.4 18.9 x 30.9 4.80 x 5.51 398 37942%%} 180 2,600 158 2,300 0.49 — 

General Aircraft | Bombardier 702 | cylinders 

Bristol Centaurus Two-row radial, 18 74.6 55.3 5.75 x7.0 3,270 3,400 2,935/ | 2,800 2,370 2,500 — Fitted in Blackburn & General 

173/673 supercharger, direct 2,850 Aircraft Beverley transport 
fuel injection (civil version “ 673”). 
De Havilland Gipsy Major 200 | In-line, inverted 4 51.0 16.8 x 29.8 4.72 «5.90 | 416 400 200 2,600 | 185/190} 2,500 0.53 For fixed and rotary wing air- 
cylinders craft. 
Gipsy Major 215 | In-line, inverted 4 51.0 16.8 x 29.8 4.72x5.90 | 416 415+ %| 215 2,850 207 2,700 — Mainly for Saunders Roe Skee- 
cylinders ter Mk.12 helicopter; develop- 
ment planned to 250 hp. 

Rolls-Royce Griffon 57 Vee, supercharger 12 83.5 31.8 x - 6.0 x 6.6 2,240 2,115 2,500 2,750 1,355 2,400 _ Griffon 67 fitted in Avro 
Shackleton Mk.3 sea patrol 
aircraft. 

ITL 

Meccanica G.A.40 Straight two 2 21.7 30.9 x 17.3 — 90.68 86 42 2,700 — _ —- — 

Verghera Agusta 

G.A.70/O and Straight four a 29.5 Bax 8tF — 140.4 150/148 72 3,100 — _— G.A.70/V for helicopters. 
70/V 

JAP 

Kawasaki KAE-240 Straight six 6 47.2 33.9 x 26.0 4.9x 3.94 | 448.5 ~440 260 3,400 a _— - 

POL 

Motoimport/ WN-3 Radial 7 34.9 43.5 5.31 5.27 | 820 530 335 2,500 281 2,250 — Installed in TS-8 trainer; also 

Narkiewicz WN-6 of 180 hp. 

SOV 

State Aircraft ASH.21 Radial, 7 49.2 49.6 6.125 x6.10 | 1,251 1,060 760 2,400 630 2,300 - — 

Engine Industry supercharger 

ASH.82 Two-row radial, 14 82.7 49.6 6.125 x 6.10 | 2,502 ~1,980 1,850 2,500 1,500 2,300 -— Two-row version of the 
supercharger ASH.21. 

ASH.90 Two-row radial, 18 76.8 56.3 6.125 x 6.313] 3,350 ~2,980 2,500 2,800 2,000 2,600 0.46 — 
supercharger 


















































INTERAVIA 


No. 12/1958 1279 




















































































































































1280 





INTERAVIA 


No. 12/1957 






































Main dimensions Power 
Specific 
Type No. Dry Max. fuel con- - . 
Manufacturer roo Layout of ‘ 2 ; weight Take- conti- sump- emarks 
Designation cyls. Length ene hy Bore x Swept off Rev. nuous Rev. tion 
8 Stroke volume rating speed rating speed |lb./cv/hr 
or @ or 
inches inches inches cu. in. Ib. cvor hp} rpm |evor hp} rpm_ |ib./hp/hr 
SPN 
ENMASA — Tigre GS In-line, inverted 4 44.4 15.7 x 30.5 | 4.72x5.51 | 386.3 320 150 2,300 120 2,140 0.50 Also Tigre G-IV-B of 150 cv/ 
Empresa Nacio- cylinders 2,300 rpm. 
nal de Motores de 
Aviacion 
Flecha F-IV-1 Straight four 4 31.85 | 31.65x24.7| 4.13x3.94 | 211 ~220 95/90 | 2,500 70 2,300 | 0.46 Pos in e.g. AISA I-11 and 
Alcion A-1 Radial, 7 45.9 33.5 4.33 x 4.33 | 446.7 ~500 275 3,000 250 2,800 0.46 Versions for fixed and rotary 
supercharger wing aircraft. 
Sirio S-3 Radial, 7 44.4 44.0 5.90 5.71 | 1,094.2 | ~730 500 2,300 | ~380 | 2,000 -- Also Sirio S-VII-1 and S-VII-2. 
supercharger 
Beta B-4 Radial, 9 46.1 53.7 6.125 x 6.87 | 1,821.6] ~1,040 775 2,200 550 1,600 - Earlier versions, Beta B-1A 
supercharger and Beta B-3. 
USA 
Continental GSO-526A Straight six, 6 52.8 36x 23.9 |5.125x4.25 | 526 540 320 3,000 220 2,700 0.51 Also A-65 (65 hp), C-85 and 
supercharger C-90 (85 and 90 hp), 0-300A/B 
(145 hp), 0-470 (230 to 265 hp), 
FSO-470 (260 hp) and FSO- 
526A (260 hp; for helicopters). 
Franklin (Air- 6V4 (O-335) Straight six 6 40.8 31.5 x 33.5 45x35 335 ~310 178/200} 3,000 134 3,000 0.51 For helicopters; also in versions 
cooled Motors) 3,100 for fixed wing aircraft. 
6V6 (0-425) Straight six 6 39.4 33.3x 38.2 | 4.75x4.00 | 425 350 245 3,275 170 2,950 0.51 Mainly in helicopters. 
Lycoming (Avco} O-235-Cl Straight four 4 29.6 32.0 x 22.5 | 4.375 x 3.875} 233 235 115 2,800 108 2,600 — Numerous other versions: 
Mfg., Corp.) 0-290 (140 hp); 0-320 (150 hp); 
0-340 and 0-360 (160-180 hp); 
0-435 in various versions from 
190 to 250 hp; 0-480 (280- 
325 hp). 
GSO-580-D Straight eight, 8 56.9 33.2 x 34.2 [4.875 x 3.875] 578 610 400 3,300 350 3,000 |~0.46 Also VSO-580-A1A for heli- 
(O-580-1) supercharger copters. 
Pratt & Whitney | R-2800-CB.16 Two-row radial, 18 81.4 52.8 5.75 x 6.00 | 2,804 2,390 2,400 | 2,800 | 1,800 | 2,600 0.42 Also CB.17 of 2,500 hp/2,800 
Double Wasp supercharger rpm; R-985 (450 hp); R- 
1340 (600 hp); R-1830 (1,200 
hp) and R-200 (1,450 hp). 
R-4360-CB.2 Four-row radial, 28 96.5 55 5.75 x 6.00 | 4,363 ~3,680 3,500 2,700 2,800 2,550 0.43 Military versions to 3,800 hp 
Wasp Major supercharger 2,800 rpm. 
Wright R-3350 Turbo- Two-row radial, 18 91.8 56.6 6.125 x 6.313] 3,347 3,645 3,400 2,900 2,450 2,600 0.37 Also R-3350-WA (3,500 hp at 
Compound supercharger 2,400 rpm) and R-3350-32W 
TCI8-EAI of 3,700 hp at 2,900 rpm. 
2. PROPELLER TURBINES 
Main Rev. 
dimensions D Com- Air Shah power speed Equi- Specific 
Type ‘or ‘cht pression} mass eianel of com-| valent | fuel con- 
Manufacturer Designation Layout eg ratio flow (ees pressor | power | sumption Remarks 
Length | Max.o via shaft 
(Height) 
inches | inches Ib. Ib./sec shp + Ib. rpm ehp Ib./ehp/hr 
FRN 
Turboméca Astazou l-stage axial+1-stage radial compres- ~70 18.1 245 _- —- 320 +88 40,000 ~350 0.70 — 
sor; annular combustion chamber; 
multi-stage turbine (3-stage 7?) 
Bastan l-stage axial +1-stage radial compres- 60.9 21.6 ~400 -- -= 750 33,000 0.73 For Morane-Saulnier 
sor; annular combustion chamber; MS.1500 and SE.116 Voltigeur 
GBR multi-stage turbine (3-stage 7?) 
Armstrong Mamba ASM.6 ll-stage axial compressor; annular ~98 ~34 ~850 | 6:1 21 1,650 15,000 1,770 0.68 Also Mamba ASM.8 of 
Siddeley combustion chamber; 3-stage turbine 320 2,075 eshp. 
Double Mamba 2 x l1l-stage axial compressor; annular 103 2,500 | 5.85: 1 ~40 3,600 + 15,000 3,875 — The earlier ASMD.3 had 
ASMD.8 combustion chamber; 2 x 3-stage tur- 710 3,150 eshp. 
bine 
P.182 2-stage axial +1-stage radial compres- | 60.225 27.45 600 | 5.91: 1 12.5 1,100 + 20,000 1,175 0.65 - 
sor; annular combustion chamber; 200 
3-stage turbine 
- 
Bristol Proteus 755 12-stage axial + 1-stage radial compres- 100.6 40.1 2,900 | 7.2: 1 43.8 3,705 11,900 | 4,160 | 0.60/0.49 | New versions are Proteus 761 
sor; 8 flame tubes; 2-stage high-pressure 1,180 of 4,210 ehp, Proteus 762 of 
+ 2-stage low-pressure turbine 4,350 ehp and Proteus 765 of 
4,445 ehp. 
Proteus 765 — 100.6 40.1 2,900 | 7.2: 1 ~44 3,960 + — 4,445 ~0.60 - 
1,260 
Napier Eland NE1.6 10-stage axial compressor; 6 flame 122.25 36.0 1,750 | 7.0: 1 31 3,150 12,500 3,500 0.595 CAA certification for Eland- 
tubes; 3-stage turbine 915 Convair recently granted. 
Rolls-Royce Tyne RTy.1 Double axial compressor; annular | 100.25 40.5 2,063 | 13.0: 1 ~46 4,500 +- 15,250 4,985 ~0.45 RTy.1 for BEA Vanguard Mk. 
combustion chamber; 3-stage low- ~1,260 1; also RTy.12 (military) for 
pressure + l-stage high-pressure turbine Canadair CL-44 of 5,730 ehp. 
Dart RDa.7/2 2-stage radial compressor; 7 flame 97.6 37.9 1,250 | 5.75: 1 22 1,910 15,000 2,105 ~0.60 Also Dart RDa.10 of 3,200 
tubes; 3-stage turbine 505 ehp with water methanol in- 
jection. Numerous versions: 
SOV RDa.7/1 of 1,990 ehp, etc. 
State Aircraft Kusnetzov NK-4 14-stage axial compressor; annular ~177 ~43 |-~3,090 |~6.5: 1 ~55 |~4,000+? | ~8,000 |-~4,500 — Installation in e.g. I1-18; 
Engine Industry combustion chamber; 3-stage turbine NK-4 derived from Jumo 022. 
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Main Rev. 
dimensions Dry Com- Air aie! sabia speed Equi- Specific 
A pression] mass : of com-| valent | fuel con- 
Manufacturer a: Layout weight ratio flow — pressor | power | sumption Remarks 
en Length | Max. @ shaft 
(Height) 
inches | inches Ib. 1b./sec shp + Ib. rpm ehp 1b./ehp/hr 

Kusnetzov 14-stage axial compressor; annular ~236 ~45 [5,070 | 13:1 137 12,000 + 9,250 |-~13,000 Installation in e.g. Tupolev 

NK-12M combustion chamber; 5-stage turbine A Tu-114. 

USA Ivchenko Axial compressor - — —_ — _ _ — — Fitted in Antonov An-10. 

Allison Division Allison Model 7-stage axial+1-stage radial compres- 38.5 | 15.8 x 106 | 6.2:1 3.0 250 -- _ 0.70 Model 250-C2 as turboshaft 

of General 250-B2 sor; | flame tube; 3-stage turbine 19.5 engine 

Motors Corp. 

Allison T56-A-1 14-stage axial compressor; cannular 145 | 29.5x 1,645 | 9.25: 1 32.5 3,460 + 13,820 3,750 0.54 For Lockheed C-130A ; later 
combustion chamber with 6 flame 36.3 720 versions T56-A-2 ; T56-A-7 
tubes; 4-stage turbine of 4,000 + ehp. 

Allison 501-D.13 As T56-A-1 145 | 29.5 x 1,750 | 9.25: 1 ~32 3,460 + 13,820 3,750 0.54 Civil engine, for Lockheed 

36.3 720 Electra. Also 501-D.15 of 
4,000 +- ehp. 

Allison 550 Two compressors a= _- a — — — —  {5,000+ - — 

General Electric T64 Axial compressor _ oe ~1,000 | 11:1 — 2,600 — -- — Available with same compres- 
sor/turbine portion as a 
helicopter engine. 

Lycoming T53 (LTCIF-1) 5-stage axial-+-l-stage radial compres- 58.85 23 460 | 6:1 ~ll 960 + 25,240 1,005 0.66 LTCIB-1 version for 

sor; annular combustion chamber; 113 helicopters. 
2-stage turbine 

TS5-L-1 7-stage axial-+-1-stage radial compres- 58.85 | 24.25 695 | 6.5: 1 _ 1,600 + 18,100 1,675 0.65 LTC4B-1 version of approx. 

(LTC4A-1) sor; annular combustion chamber; 190 1,600 shp for helicopters. 
3-stage turbine (2 + 1) 

Pratt & Whitney T34-P-3 13-stage axial compressor; annular 156.8 33.75 2,670 | 6.7: 1 — 5,500 + 11,000 6,000 0.63 Fitted in C-133A; later ver- 

combustion chamber; 3-stage turbine 1,250 sions up to more than 7,000 
ehp. 

3. TURBOSHAFT ENGINES 

FRN 

Turboméca Artouste II Radial compressor; annular combus- 42 (18x 21.5 240 | 3.7:1 6.8 400 + 34,000 -- — Licence production by Black- 

tion chamber; 2-stage turbine ~75 burn & General; also Artouste 
Ill of max. 600 hp. 

Turmo Ill l-stage axial-+ l-stage radial compres- 65.5 | 31.5 x 530 | 5.7: 1 ~7.5 750 34,000 -—— — — 
sor; annular combustion chamber; 22.25 
3-stage turbine 

GBR . 

Armstrong P.181 2-stage axial-+1-stage radial compres- ~61 27.45 ~540 | 5.9: 1 12.5 1,020 + 20,000 a 0.71 

Siddeley sor; annular combustion chamber; 200 

3-stage turbine 

Blackburn & A.129 a 60 19.75 ~390 — —_ 840/950 — — — Also as pure jet engine. Also 

General Aircraft Turboméca Turmo 600 
(450 shp); coupled Turmo 600 
(900 shp), etc. under licence. 

De Havilland Gnome DGe.! 10-stage axial compressor; annular $4.8 | 18.2 275 | 8.0:1 12.4 1,000 + ? 19,500 — 0.65 Development planned to 

(TS58) combustion chamber; 3-stage turbine 19.6 approx. 1,500 shp. Also turbo- 
(2+1) prop version to be produced. 

Napier Eland NEI.3 10-stage axial+9-stage auxiliary com- | 158.25 36.0 2,500 | 7.04 31+ 2,805 + 12,500 3,000 0.62 Two NEI.3s fitted in Fairey 

pressor; 6 separate flame _ tubes; 4.5:1 19.5 500 Rotodyne prototypes. Two 

3-stage turbine Eland 229s of 2,800 shp in 
Westland Westminster. Also 
NEI.7 of 3,150 shp +650 Ib. 
(3,500 ehp). 

Gazelle NGa.3 ll-stage axial compressor; 6 flame 70.0 33.5 865 | 6.37: 1 17.5 1,800 + 20,400 a 0.66 Various versions, including 

tubes; 3-stage turbine (2+ 1) 340 NGa.4 of 2,000 shp. Also 
Gazelle Junior of 920 shp, later 
1,070 shp. 
USA Pp 
Allison Allison 250-C2 7-stage axial+1-stage radial compres- 34.6 | 15.8 x 90 | 6.2:1 3.0 250 6,000 - 0.70 
sor; 1 flame tube; 3-stage turbine 19.5 
General Electric T58-GE-2 10-stage axial compressor; cannular 59 16 325 | 8.3: 1 12.4 1,024 19,500 — 0.66 TS8-GE-6 of 1,050 shp. Also 
combustion chamber with 16 burners; mentioned is adaptation of 
3-stage turbine (2+ 1) T64 for helicopters (cf. else- 
where). 
Lycoming T53-L-1 5-stage axial+1-stage radial compres- 47.6 23.0 480 | 6.0: 1 10.8 825+102 | 21,500 866 0.67 
(LTCIB-1) sor; annular combustion chamber; 
2-stage turbine 
T55-L-3 7-stage axial+1-stage radial compres- 44 24.25 600 | 6.3: 1 — 1,600 4 ~1,675 118,000 + 0.65 - 
(LTC4B-1) sor; annular combustion chamber; 190 
3-stage turbine (2+ 1) 
4. GAS TURBINE COMPRESSORS 
FRN 
Turboméca Palouste IV l-stage radial compressor; annular $2.75 21.65 198 | 3.7: 1 — 2.5 1b./sec 34,000 _ — Fitted in Sud-Aviation Djinn; 
combustion chamber; 2-stage turbine (41.2 psi) licence production by Black- 
burn & General Aircraft. 
Autan II l-stage axial-{-l-stage radial compres- 53.9 | 16.4 260 | 5.1: 1 — 3.0 Ib./sec | 34,500 — — _ 
sor; annular combustion chamber; 20.1 (75.4 psi) 
3-stage turbine 
Tramontane l-stage radial compressor; annular 55.1 22.8 ara t Ha I 16.8 | 5.5 1b./sec | 22,600 - 
combustion chamber; 2-stage turbine (49.8 psi) 
GBR 
Blackburn & Palouste 505 l-stage radial compressor; annular 33.4 24.9 210 | 3.8:1 ~ 2.6 1b./sec -— _ - Turboméca licence produc- 
General Aircraft combustion chamber; 2-stage turbine (38 psi) tion. Various versions and 
applications. 
Napier Oryx NOr.5 12-stage axial-+4-stage auxiliary com- 83.5 19.25 230 | 6.1+ 15.3 | 950 gas hp | 22,600 -- 0.62 Improved NOr.10 version of 
pressor; 5 flame tubes; 2-stage turbine 1.8: 1 (24.2 psi) 1,250 gas hp. 
ITL 
Fiat Fiat 4700.000 l-stage radial compressor; annular _ —_ 287 — _ 550 gas hp | 25,000 - For use in Fiat Type 7002 
combustion chamber; I-stage turbine helicopter. 
USA 
Boeing Boeing 502-11B l-stage radial compressor; 2 flame ~50 — ~370 | 4.2:1 4.0 ~2.0 1b./sec] 36,000 _ — _ 
tubes; 2-stage turbine (1 +-1) (57 psi) 
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Main ‘ , ‘ Specific 
dimensions Dry a a, pode ty Rev. fuel 
Manufacture Type Layout weight "ae = ai : speed — R k 
A{anufacturer Designation ayc ratic c renea tion emarks 
Length | Max. 2 
inches inches Ib. Ib./sec Ib. rpm 1b./1b.t/hr 
CAN 
Orenda Engines Orenda 14 10-stage axial compressor; 6 flame 121.5 ~42 2,470 |~6: 1 130 7,500 7,800 0.9 Adapted to power Canadair 
tubes; 2-stage turbine Sabre 6. 

Iroquois (PS-13) Double axial compressor with low 231 42/47 ~6,000 | ~8: 1 350 20,000/ _ <1.0 Intended for Avro Arrow 2. 
pressure and high-pressure portions; 28,000 Specific fuel consumption less 
annular combustion chamber; low than 2.0 with reheat. 
and high-pressure turbine 

FRN 
Dassault R.7 7-stage axial compressor; annular 78.7 28.7 750 3.8: f 55 ~ 1,400 11,800 1.09 Derived from Armstrong 
combustion chamber; |-stage turbine without Siddeley Viper. 
reheat 

MD.30 Viper 7-stage axial compressor; cannular 65.8 26.8 520 3.8: 1 31 1,640 13,400 1,09 Licence production of the A.S. 
combustion chamber with 12  burn- Viper. MD.30-R version with 
ers; l-stage turbine reheat of approx. 2,200 Ib. 

thrust. 
Hispano Suiza R.350 Verdon l-stage radial compressor; 9 flame 104 50 2,057 4.9:1 130 7,700 11,100 1.1 Derived from R.-R. Tay; 
tubes; l-stage turbine installed in Mystére IVA. 

R.804 7-stage axial compressor; cannular 83.5 26.4 680 4.8: 1 57 3,300/ 12,000 1.07 — 
combustion chamber with 10 burn- 4,410 
ers; I-stage turbine 

SNECMA (Société ATAR 101G.2/3 8-stage axial compressor; cannular 255 36.2 2,730 4.8:1 130 7,720/ 8,400 1.95 Also ATAR 101G.4 of 
Nationale d’Etude combustion chamber with 20 burn- with 9,700 with 10,300 1b. thrust at 8,400 rpm. 
et de Construction de ers; I-stage turbine reheat reheat 

Moteurs d’Aviation) 

ATAR 8 9-stage axial compressor; cannular 182.7 36.2 2,028 $.3: 3 150 9,700 8,400 0.98 — 
combustion chamber with 20 burn- 
ers; 2-stage turbine 

ATAR 9 9-stage axial compressor; cannular 264 36.2 2,760 5.3: 3 150 9,370/ 8,400 1.01/ ATAR 8 with reheat; super- 
combustion chamber with 20 burn- 13,230 2.07 sonic; for Mirage IIIA. 
ers; 2-stage turbine 

Turboméca Arbizon Il I-stage axial+1-stage radial com- 56.7 16.5 229 550 34,000 0.95 Derived from Palas. 
pressor; annular combustion cham- 19.7 
ber; 2-stage turbine 

Gabizo l-stage axial-+-l-stage radial com- 82 26.4 584 5.33 ~44 2,425/ 17,500 1.16 Development of Marboré. 
presse; annular combustion cham- 3,310 45 
ber; I-stage turbine 

Gourdon l-stage axial+1-stage radial com- 74.8 22.4 375 1,410 21,500 1.0 
pressor; annular combustion cham- 
ber; l-stage turbine 

Marboré II l-stage radial compressor; annular 61.8 22.4 320 | 4.0:1 ~18 880 22,600 1.1 Large number built (also under 
combustion chamber; I-stage turbine licence); fitted in e.g.: 

Magister; MS.760; Cessna 
T.37; Hispano H.A.200-R 1. 
GBR 
Armstrong Sapphire ASSa.7 13-stage axial compressor; cannular 107.7 37.4 3,030 |~9: 1 180 11,000 8,600 0.88 Version with reheat of 12,300 
Siddeley combustion chamber with 24 burn- 1b. thrust at 3,180 1b. installed 
ers; 2-stage turbine weight. 

Viper ASV.11 7-stage axial compressor; cannular 69.17 28 500 3.9: 1 42 2,460 13,400 1.11 Several versions built; Viper 8 
combustion chamber with 24 burn- of 1,750 1b. thrust in produc- 
ers; 1-stage turbine tion for Hunting Jet Provost 

MKk.3. 
Blackburn & General Palas 600 l-stage radial compressor; annular 43.5 17.5 170 | 4.12:1 72 390 35,000 1.14 — 
Aircraft combustion chamber; I-stage turbine 
Bristol Olympus BOI.6 Two compressors (5-stage low-pres- 126.4 41.75 |~3,600 |~12:1 ~300 16,000 — ~0.8 For Vulcan B.2; also BOI.7 

(Mk.200) sure : 7-stage high-pressure); (Mk.201) of 17,000 Ib. thrust. 
annular combustion chamber; 2-stage 
turbine (l-stage high-pressure 
l-stage low-pressure) 

Orpheus BOr.3 7-stage axial compressor; cannular 75.45 32.4 825 4.8: 1 80 4,850 9,600 +- 1.06 Orpheus licence rights granted 

(Type 801) combustion chamber with 7 flame to Fiat, SNECMA, Hindustan 
tubes; I-stage turbine and Curtiss-Wright. BOr.3 

fitted e.g. in Fiat G.91. 
Orpheus BOr.12 82.7 32.4 1,100 = 8,000 - o- With simple-design Bristol 
with reheat afterburner. 
De Havilland Gyron Junior 7( ?)-stage axial compressor ; cannular 100 33.5 ~ 1,540 7,000 + 

DGJ.1 combustion chamber with 13 burn- 
ers; 2 or 3-stage turbine 

Gyron Junior ditto 100 32.3 — 8,000 + ~- ~0.9 Installed in Blackburn NA.39 

DGJ.10 without versions with afterburner; 

reheat thrust more than 11,000 Ib. 

Gyron DGy.2 7-stage axial compressor; cannular 155.5 49.9 4,200 |~6: 1 ~ 320 20,000/ 6,400 | ~0.95 For Mach 1.5 to 3.0 and 55,000 
combustion chamber with 17 burn- (with jet 29,000 to 60,000 ft. altitude (installa- 
ers; 2-stage turbine pipe) tion planned in Hawker 

a P.1121). 
Rolls-Royce Avon RA.7 12-stage axial compressor; eiglet 102.1 42.23 2,460 6.5: 1 120 7,500 7,950 0.92 Avon RA.7R with afterburner 
combustion chambers; 2-stageturbine |(without of 9,500 Ib. thrust. 
jet pipe) 

Avon RA.14 15-stage axial compressor; cannular 113.3 41.5 ~2,860 | ~7.8: 1 ~ 150 9,500 8,000 0.84 Also RA.28 of 10,000 Ib. 
combustion chamber; 2-stage turbine |(without thrust, etc. 

jet pipe) 

Avon RA.29 16-stage axial compressor; cannular 113.3 42 ~3,340 | ~8.7: 1 ~ 165 10,500 8,000 0.775 Also Avon RA.29-3 (Caravelle) 
combustion chamber with 8 burn- |(without of 11,700 1b. thrust and 
ers; 3-stage turbine jet pipe) RA.29-5 with 17-stage com- 

pressor; thrust 13,300 Ib. 

Conway RCo.10 By-pass engine; low and high-pres- 132.45 42 ~3,500 | 10 1 a 16,500 8,200 0.70 Other versions: RCo.11 of 

(Mk.505) sure axial compressor; annular 17,250 1b.t; RCo.12 of 
combustion chambers; 3-stage 17,500 Ib.t and RCo.15 of 
turbine approx. 18,500 Ib.t. 

Soar RSr.2 Axial compressor; annular combus ~ 58.9 15.8 267 1,860 18,600 1.25 — 
tion chamber; 1|-stage turbine 
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Main , ; " Specific 
dimensions Dry Bll A tall peg Rev. fuel 
Type weight ; speed consump- Remarks 
Manufacturer Designation Layout ratio flow reheat tion 
Length | Max. @ 
inches inches Ib. 1b./sec Ib. rpm 1b./1b.t/hr 
Rolls-Royce RB.108 Axial compressor; annular combus- von - -_ -_ = ~2,000 Developed mainly for VTOL 
tion chamber; I-stage turbine (7?) aircraft (Short SC.1); succes- 
sor to Soar. 

RB.141 By-pass engine one — ais om a 12,000- = i For de Havilland D.H.121; 

13,000 military version, RB.142. 

RB.145 - — _ _ — — 2,750 — - Derived from RB. 108, mainly 

ITL for use in VTOL aircraft. 
Fiat Fiat 4002.001 l-stage radial compressor; annular 34.875 22.5 194 4:1 ~14 716 25,000 1.2 Also 4002.000 of 595 Ib. 
combustion chamber; 1-stage turbine thrust. 

Fiat 4032.000 9-stage axial compressor; cannular ~100 ~42 1,080 5.5: 1 110 6,600 8,200 
combustion chamber with 10 burn- 

JAP ers; 1-stage turbine 

Japan Jet Engine Co. J-3-1 8-stage axial compressor; annular ~73 ~28 880 4.5:1 ~45 2,645 13,000 1.08 Tests not yet completed. 
combustion chamber; 1-stage turbine 

SVE 

Svenska Flygmotor RM.5A (Avon) 12-stage axial compressor; 8 flame 250 42.2 ~2,960 6.5: 1 120 7,500/ 7,950 0.92/ Licence production of Rolls- 
tubes; 2-stage turbine 9,500 1.90 Royce Avon. 

sov 

State Aircraft Chelomey & l-stage radial compressor; 9 flame ~96.5 50.3 1,870 [04.5: 1 ~110 ~5,950 12,500 1.0 Derived from Rolls-Royce 

Engine Industry Klimov RD-45 tubes; 1-stage turbine Nene (MiG-15 and II-28). 

Klimov VK-1 I-stage radial compressor; 9 flame ~96.5 50.3 ~1,980 4.5:1 ~120 6,850 13,000 Development of the RD-45; 

tubes; I-stage turbine VK-1 with afterburner of 
approx. 7,495 Ib. thrust 
(MiG-15 bis; Il-28); VK-1A in 
MiG-17. 

Mikulin M-209 8-stage axial compressor; annular ~197 | ~53 ~5,500 [~7: 1 ~276 17,6504 6,500 In Tu-16; civil version RD-3 

combustion chamber; 2-stage turbine in Tu-104, Zubetz RD-3 
(derived from M-209) in 
Tu-104A. 
Lyulka (Lu-4) Axial compressor; annular combus- _ ‘ on _ on 11,5004 " Civil version in production for 
USA tion chamber; 2-stage turbine Tu-110. 
Allison (General J71-A-11 16-stage axial compressor; cannular 191 47.6 4,090 8.3:1 ~160 10,200 6,100 0.8 In Douglas RB-66B; A-2 ver- 
Motors Corp.) combustion chamber with 10 flame sion with reheat in F3H-2N 
tubes; 3-stage turbine (14,000 Ib.t) and A-4 with 
reheat in P6M (approx. 
13,000 1b.t). Also Allison J89 
of 24,000 + Ib.t. 
Continental J69-T-9 l-stage radial compressor; annular ~52 26.4 ~360 4:1 18 920 22,700 1.1 Further versions, e.g. J69-T- 
combustion chamber; I-stage turbine 19A for fixed wing aircraft and 
drones; Turboméca licences. 
Fairchild J44-R-20 Combined radial + axial compressor; 88.4 22.0 335 2.5:1 25 1,000 15,780 1.5 Also J44-R-3 as short-life 
annular combustion chamber; I-stage engine; J44-R-26 of approx. 
turbine 1,100 1b.t. 

J83-R Axial compressor; annular combus- _— an ~300 — — ~2,000 = - Installed in Canadair CL-41. 
tion chamber 

General Electric J79-GE-1/3 17-stage axial compressor; cannular 204 32.5 3,200 12:1 ~165 11,000/ ~0.8 Civil CJ-805 in various ver- 
combustion chamber with 12 burn- 17,000 sions: CJ-805-3 of 11,000 Ib.t. 
ers; 3-stage turbine and CJ-805-21 of 15,000 Ib.t; 

fitted in e.g. Convair 600/880. 
J79 in F-104, B-58, etc. 

J73-GE-3 12-stage axial compressor; cannular 148.2 36.75 3635 | 7:1 ~150 9,200 8,000 0.9 Fitted in North American 
combustion chamber with 10 flame F-86H; engine dimensions 
tubes; 2-stage turbine identical and interchangeable 

with J47; production com- 
pleted. 

J85-GE Axial compressor — ~300 — — ~ 2,000 Fitted in T-39 (North American 

Sabreliner) and in guided mis- 
siles. 

Pratt & Whitney J52-P-2 Double axial compressor; annular . : 25:1] = ~7,500 ~0.8 Also in a JT8 civil version. 
combustion chamber 

J57-P-13 9-stage low-pressure +7-stage high- 232.3 40.0 ~5,500 | 12.5:1] ~180 | ~11,000 8,000 0.8/ In numerous versions up to 
pressure compressor; cannular com- 15,000 1.95 17,000 1b. thrust with after- 
bustion chamber with 8 flame tubes; burner. 
3-stage turbine 

J57-P-31 As P-13 181 40.0 ~4,200 | 12.5: 1 180 13,000 8,000 0.80 Civil version JT3 (e.g. 

JT3C-7 of 12,000 1b. thrust). 

J75-P-5 Double axial compressor; annular 252 43 ~5,500 | 12.5:1] ~300 18,000, 8,000 Civil version JT4. 
combustion chamber; 3-stage turbine 26,000 

JT12A-1 Axial compressor; annular combus- ~63 430 — —_ 2,900 0.90 For smaller civil and military 
tion chamber transports; guided weapons. 

JT12A-20 version with reheat 
of 3,900 1b.t. 

J58 - - — ~ 30,000 For very high flight Mach 

numbers. 

Westinghouse J34-WE-46 11-stage axial compressor; annular 111.4 27 1,210 | 4.3:1 3,400 12,500 ~1.0 In production for the North 
combustion chamber; 2-stage turbine American T2J trainer. 

J54-WE-2 16-stage axial compressor; cannular 158 35 1,400 9:1 ~ 100 6,500 0.85 In particular for use in guided 
combustion chamber with 24 burn- weapons. 
ers; 2-stage turbine 

Wright Aeronautical J65-W-6 13-stage axial compressor; cannular 195 37.5 2,780 7:1 119 7,700/ 8,200 .92 Development of the A.S. 

Division (Curtiss- combustion chamber with 36 burn- 11,250 1.98 Sapphire. Various versions, 

Wright Corp.) ers; 2-stage turbine fitted in e.g. B-57, FJ-3, FJ-4 

and F11F-1Tiger. 

TJ38 Zephyr Double compressor (5 low-pressure 132 41 3,600 | 10.5: 1 — 12,500 -- 0.72 Developed from Olympus in 
+7 high-pressure stages); cannular conjunction with Bristol. 
combustion chamber with 8 flame 
tubes; 2-stage turbine 
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Main dimensions 
° ve a Installed Compression ratio Performance 4 
Manufacturer Type Designation —— on weight at Mach number Ib. thrust at Mach Remarks 
8 number at altitude 
inches inches Ib. 
FRN 
Nord-Aviation ST.450 ~185 17.7 ~385/500 — — For maximum speeds equal to Mach 3.2. 
GBR 
Br'stol Thor BT.1; BT.2 94.5 15.75 15:1 at Mach 2.5 ~15,000 Ib. at Mach 3 In production for Bristol Bloodhound. 
(BRT.5/1; BRT.5/2) 28:1 at Mach 3.0 at sea level 
USA 
Marquardt RJ43-MA-3 ~140 28 490 — ~©11,500 Ib. at 2,000 mph at Fitted in Boeing IM-99A Bomarc. Later versions, 
60,000 ft. MA-S5 (Lockheed Q-5) and MA-7 (Super Bomarc). 
9. ROCKET ENGINES 
Main dimensions Propellant ‘ 
’ - Total Specific 
thrust fuel con- 
Manufacturer Type Layout Dry at sea sumption Remarks 
Des'gnation Length Width x weight level at sea level 
Height or @ 
inches inches Ib. Fuel Oxidizer Ib. Ib./secton 
FRN 
SEPR (Société Type 481 3 chambers; turbopump 70.9 24 x 30.7 510 Furaline Nitric acid 9,920/11,000 ~ Fitted in Trident. SEPR 631 similar, 
d’Etude de la feed but with only 2 chambers (Trident 
Propulsion par 9050). 
Réaction) 
Type 65 1 chamber; turbopump - - 154 _ —_ 1,820 - Fitted in Durandal. 
feed 
Type 66 1 chamber; turbopump 110 23.6 x 11.8 310 Furaline Nitric acid 3,300 11.6 Also Type 660 with 1 chamber; length 
feed approx. 110"; thrust approx. 3,300 Ib. 
Type 734 94.5 -_ ~1,815 | Solid amie _ Mainly for guided weapons; also SEPR 
732 with solid propellant. 
GBR 
Armstrong Screamer 1 chamber; turbopump 78.5 ~27 470 Paraffin Liquid 8,000 ~10.2 Water is injected for combustion cham- 
Siddeley feed oxygen ber cooling; ox'dizer 60%, paraffin 
23%, water 17%. 
PR.23 - o 30/32 Liquid én 500 int As prime mover or booster. 
De Havilland Super Sprite 1 chamber; gas feed 117.3 20.1 ~610 Kerosene Hydrogen 4,200 . Total impulse 120,000 Ib. sec; first 
peroxide for 40 sec. British rocket engine to be certificated 
for production. 
Spectre (DSpe.) 1 chamber; turbopump 59.2 21.4 (DSpe.4) Kerosene Hydrogen 7,000/8,000 wnt DSpe.|1, DSpe.2, DSpe.3, DSpe.4 and 
feed (DSpe.4) 27 (DSpe.5) peroxide DSpe.5 versions. DSpe.4 (derived from 
56.4 DSpe.2) with constant thrust; DSpe.5 
(DSpe.5) (derived from DSpe.1) with variable 
thrust. 
Double Spectre 2 chambers; turbopump 58.6 36.6 x 37.5 Kerosene Hydrogen — Composed of constant-thrust DSpe.4 
feed peroxide and variable-thrust DSpe.5. 
Napier Scorpion NSc.1 1 chamber; turbopump Kerosene Hydrogen _ Made first static tests in May 1956. 
feed peroxide 
Double Scorpion| 2 chambers; turbopump 32.0 23.0 (width) Kerosene Hydrogen In production (for use in interceptors 
NSc.D.1 feed peroxide and bombers). 
Triple Scorpion 3 chambers; turbopump 35.0 21.5 x 17.75 295 Kerosene Hydrogen - Shown for the first time at Farnborough 
feed peroxide 1958. 
SVE 
Svenska VR-3 _ 39.4 11.8 165 * | Liquid 5,730 — Aircraft auxiliary rocket engine; guided 
Flygmotor weapons. 
USA 
Aerojet-General | 15NS-250 — — Solid — 250 — As auxiliary engine, single or multiple 
installation. 
Reaction Motors | RMI-6000C4 4 chambers; gas feed 56.0 19.0 210 Ethyl Liquid 6,000 — First version in X-1, later versions in 
(LR8-RM-6) alcohol oxygen X-1A, D-558-2. 
Curtiss-Wright LR25-CW-1 2 chambers; turbopump — oa —- Ethyl Liquid Main cham- — Control by step-by-step power lever 
feed alcohol oxygen ber: 8,000 (Bell X-2). 
Auxiliary 
chamber: 
4,000 
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CANADAIR 540 


SUCCESSOR TO THE CONVAIR 340/440 


BIGGER PAYLOAD 

FASTER BLOCK SPEED 
GREATER ECONOMY 

HIGHER PRODUCTIVITY WITH 


ELAND TURBO-PROPS 


TYPE APPROVED BY A.R.B. AND C.A.A. 
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The Eland engined | 
Canadair 540, latest version of 
the world-famous Convair, offers a new 


and formidable challenge on the short to medium-haul 


routes. NAPIER Eland turbo-props will provide the Canadair 540 with | 
Performance, Passenger Appeal, Ease and Economy of Maintenance and a Revenue 


Potential that will meet operators’ requirements and growth for the next ten to fifteen years. 


|! a > = D. NAPIER & SON LIMITED, LONDON WS, ENGLAND ! 
NA JER E / a n | turbo-prop A Member of The ENGLISH ELECTRIC Aviation Group : 
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CAS 


Lufthansa runs the most modern of Lufthansa destinations: Baghdad - Beirut - Bremen 


aircraft between Europe, USA/Canada, Brussels —- Buenos Aires - Cairo - Chicago - Cologne 


Africa, South America and the 7 
Copenhagen - Dakar - Damascus - Disseldorf 
Near/Middle East. Your travel agency will be 


pleased to advise you ! Frankfurt - Hamburg - Hanover - Istanbul - Lisbon 


London - Madrid — Montevideo - Montreal - Munich 
~~ LU F T H A N S$ A New York - Nuremberg - Paris - Porto Alegre - Rio 
de Janeiro - Rome - Santiago de Chile - Sao Paulo 


GERMAN AIRLINES Shannon - Stuttgart - Teheran - Vienna - Zurich 





Five reasons why today’s General Electric engines are more 
powerful, lighter, easier to maintain eer nee: ie a 


decrease engine length. reduce engine weight 


The gas generator you see in build-up sequence 
below is the heart of General Electric's new 
family of military and commercial turbojets. 
Already proved in thousands of flight hours in 
General Electric's military J79 turbojet, this gas 
generator brings to world aviation.many ad- 
vanced design features. 

Five exclusive features—reasons behind the high 


power-to-weight and simplicity of maintenance 
of G-E turbojets—are shown in the photos. 
Whether this gas generator is utilized as the 
heart of the powerful J79 ... of the economical 
CJ-805 ... or of the aft-fan CJ-805-21, the result 
is always a new standard in jet engine perform- 
ance. General Electric Company, 1, Rue du 
Temple, Geneva, Switzerland. 





Progress !s Our Most [mportant Product 


GENERAL @@) ELECTRIC 


2 Split compressor casings provide quick accessi- 
bility to compressor blades, speed engine checks 
and repairs 
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1 Single-spool compressor with variable stators is A 
ightweight answer to compressor stall problems ‘ 

at off-design speeds 
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4 Conical turbine shaft transmits up to 70,000 hp at 5 
Naximum rpm, is more rugged and weighs: less 
than equivalent cylindrical shatis 




















Transport aircraft: 
payload 4 to 7 tons depending 
on mission 


Take-off and landing run: 
less than 100 yards 


Speed: 
approx. 280 m.p.h. 


THE 


BREGUET 941 


short-take-off aircraft 


Enables airlines to call at points hitherto 
inaccessible, thus opening up new operating 
prospects and providing a modern replace- 
ment for older equipment. 


Three-stage 
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turbine uses short-chord, extended 

















shank, bucket design to increase turbine efficiency 
decrease turbine weight; lower turbine 


wheel 





AND FROM THIS BASIC GAS GENERATOR 
POWER FOR MACH 2 MILITARY AIRCRAFT 
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engine for commercial family 


10,000-lb thrust class will 
power Convair 880 medium-range 
yetline scheduled for service with 
Delta Air Lines, Trans World Airlines 
and Swissair/SAS in 1960 additional 
commercial engines now available from 


9000 Ibs to more than 15,000 Ibs thrust. 
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Grumman Gulfstream 





RCA Storage D'splay Tube Indicator 
increases the effectiveness of the dis- 
play by permitting the reading of the 
indicator in broad daylight without 
hood or shielding. 


The aviation industry and RCA have long been 
partners in progress. To this partnership, RCA has 
contributed a wide range of electronic aids that have 
played important roles in bringing aviation to its 
present high level of dependability, comfort and 
safety. A few that have found special application in 
civil aviation are named here. 





RCA Weather-Mapping Radar (AVQ-10), 
now used by many of the world’s leading 
airlines, enables the pilot to “see” and 
evaluate the weather many miles ahead 
so that he may avoid areas of turbu- 
lence. Th's makes long and costly de- 
tours unnecessary, saves time and in- 
creases passenger comfort. 


RCA A’jtr Traffic Control Transponder 
(AVQ-60) automatically and instant!y 
enables the traffic control radar to 
locate and positively identify aircraft 
within its range. Light in weight and 
compact, it is designed for airline, 
business and military use. 





RCA Marker Beacon AVR-200 meets the 
demand for lightness, transistorized de- 
sign, low power requirement and mini- 
mum maintenance. Functions on DC or 
AC primary, and actually needs less 
power than any of the three lamps it 
operates. 


RCA Weather Avoidance Radar (AVQ-50) 
brings the comfort and time-saving fea- 
tures of airborne weather radar to air- 
craft with power and weight lim‘tations, 
such as Aero Commander, Twin Bo- 
nanza, Beechcraft Super-18. 





Ask for full information with regard to any or all of these items. 


RCA INTERNATIONAL DIVISION 
RADIO CORPORATION OF AMERICA 


30 ROCKEFELLER PLAZA, NEW YORK 20, N.Y., U.S.A. 





Trademark(s) Registered 
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GENERAL MOTORS 





JET 
POWER 





This matched GM power team is bringing jet- 
age speed, comfort and economy to flights of 
all ranges. Combining jet power with the advan- 
tages of the propeller, the Allison engine ope- 
rates on the turbine principle. The power is 
absorbed by the turbine and transmitted to the 
propeller which provides the thrust to pull the 
airplane instead of push it as with pure jets. This 
prop-jet powerplant produces immediate power 
response, enables shorter take-off runs from 
present airports. On landings, too, the braking 
action of the propeller is constantly available for 
positive stops on short, wet or icy runways. 


THE LOCKHEED ELECTRA y 


with Allison Model 501 Prop- 
jet Engines and Aeroproducts 
Turbo-propellers. 

The four engines produce 
15000 hp.... for luxurious, 
quiet jet-age speed. 


Toe | Beret: 
 * 


ALLISON PROP-JET ENGINE 
AND AEROPRODUCTS TURBO-PROPELLER 






The Lockheed Electra, powered by the Allison 
501 and Aeroproducts Turbo-Propeller, fits 
existing air traffic control patterns... flies with- 
out penalty at altitudes up to 30000 feet... 
brings jet-age speeds, comfort and economy to 
short and medium ranges as well as flights up 
to 3000 miles nonstop. 


This GM jet power team is backed by more 
than 14 million hours of jet-age flight experience 
as wellas General Motors’ world wide reputation 
for dependable power covering every form of 
transportation — land and sea as well as air. 
No wonder so many leading airlines are building 
their jet-age futures now, with the GM jet 
power — Allison Prop-jet engines and Aeropro- 
ducts Turbo-propellers. 
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DESIGNED FOR WORLD MARKETS 


ROLLS-ROYCE 


GAS TURBINES 


are in service with or on order for 


60 Airlines 


DART PROP-JET 


In service or under development at powers ranging from 1,400 to 3,200 h.p. 
The Dart is the most proven prop-jet in the world and has flown over 6,000,000 
hours in scheduled airline service. It has an unexcelled record of reliability 
and is currently operating at overhaul lives of up to 2,000 hours. 





TYNE PROP-JET 


The Tyne is an advanced twin spool high compression engine in the 5,000 h.p. 
class. It has been designed to give low specific fuel consumption and is backed 
by the unique experience gained by Rolls-Royce in the operation of gas turbine 
engines in scheduled airline service. 





AVON TURBO JET 


The Civil Avon has been developed to give low fuel consumption and long 
life between overhauls. The British Air Registration Board has authorised the 
unprecedented life of 1,000 hours between overhauls before its entry into 
service. 





CONWAY BY-PASS TURBO JET 


The Civil Conway has the advantages of low first cost and operating costs, 
low weight, less noise and low specific fuel consumption. Initial Civil Conways 
have a guaranteed minimum thrust of 16,500 lb. and engines of 17,500 lb. and 
18,500 lb. guaranteed minimum thrust, will be available. 


RB. 141 BY-PASS TURBO JET 


A new by-pass engine of advanced design, the RB. 141 will have an initial 
rating of 12,000 lb. thrust for take-off. It will have a high by-pass ratio, and a 
specific fuel consumption and noise level much lower than any existing engine 5 
of comparable thrust. 





Aer Lingus . Aerolineas Argentinas . Aerovias Ecuadorianas C.A. . Air Algérie . Air France . Air India International . Airwork . Alitalia . Ansett A.N.A. . Austrian Airlines 
Avensa . Aviaco (Spain) . Bonanza Air Lines Inc. . Braathen's S.A.F.E. . British European Airways . British Overseas Airways Corporation . British West Indian 
Airways. Capital Airlines . Central African Airways . Compafiia Cubana de Aviacién . Continental Air Lines . Eagle Aviation . East African Airways Corporation . Finnair 
Hong Kong Airlines . Hunting-Clan Air Transport . Icelandair . Indian Airlines Corporation . lraqi Airways . K.L.M. Royal Dutch Airlines . La Nica . Linea Aeropostal 
Venezolana . Lufthansa . Middle East Airlines . Misrair . New Zealand National Airways Corporation . Northeast Airlines . Northern Consolidated Air Lines Inc. . Pacific 
Air Lines Inc . Pakistan International Air Lines . Persair (Iranian Government) . Philippine Air Lines . Piedmont Aviation Inc. . P.L.U.N.A. (Uruguay) . Quebecair Inc. 
Royal Air Maroc . Scandinavian Airlines System . South African Airways . Taca (San Salvador) . Transair . Trans-Australia Airlines . Trans-Canada Air Lines . Trans 
Mar de Cortes S.A. (Mexico) . Turk Hava Yollari . Union of Burma Airways . VARIG . VASP (Brazil) . West Coast Airlines Inc. . Wheeler Airlines Ltd. . Wien Alaska 
Airlines Inc. 


ROLLS-ROYCE LIMITED, DERBY, ENGLAND 


AERO ENGINES - MOTOR CARS - DIESEL AND PETROL ENGINES - ROCKET MOTORS - NUCLEAR PROPULSION 
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The Super Atar turbojet for supersonic flight speeds up 
to Mach 3: all-steel construction; low number of com- 
pressor stages; large reheat chamber; convergent- 
divergent jet pipe. The accessories are housed in a 
ventilated container beneath the compressor. 


SNECMA’s Supersonic Turbojet 


By the SNECMA Design Office 


Now that speeds in the region of Mach 2 have been attained, and the 
sights have been set on Mach 3, a new era of supersonic speeds is opening 
for turbojets. Until very recently it was thought that the straight jet, after 
its very rapid development, would have to give way above M 2.5 to 
another type of power unit, namely the ramjet, which is better suited to 
such speeds. 

Of late, however, increasingly advanced experimentation and a wider 
and more detailed study of the thermodynamic problems seem to indicate 
that the turbojet can still successfully cope with speeds of the order of M = 3 
or perhaps higher. 

The main problem raised by these speeds is kinetic heating, which reaches 
levels above 300°C and necessitates a new design approach incorporating 
above all the use of materials other than light alloys. 


Thermodynamic considerations for a supersonic jet 


The behaviour of a supersonic turbojet, under all conditions, is decisively 
affected by its flow characteristics and its compression ratio. 

Every effort is made to select a compression ratio which not only ensures 
the best possible component efficiencies but also enables the engine to be 
operated at the highest temperature permissible for the structural materials 
employed. 

In view of the pressure recovery in the intake at supersonic speeds, a 
certain minimum compression ratio must also be ensured in low-speed flight 
to maintain a sufficient density of air or gas at the entrance to the com- 
bustion chamber, the turbine exit and inside the afterburner chamber to 
obtain a maximum specific thrust. 

For Mach 3 engines a moderate compression ratio, in the order of 5 to 7, 
is considered the most suitable. The advantage of the moderate compression 
ratio jet is due in essentials to the fact that its specific thrust falls off less sharply, 
as a function of Mach number, than that of a jet with high compression ratio. 

It may also be of advantage in supersonic jets to employ water injection 
in front of the compressor. This makes it possible to: 

— increase thrust, 

— reduce the difficulty involved in cooling the rear parts of the engine, 
- adjust the flow characteristics of the diffusor and the engine, 

~— and raise the limiting Mach number in flight. 


SNECMA's prospects in the supersonic jet contest 


When SNECMA first tackled the design of turbojets, the programme it 
had to meet was to produce engines for interceptors. Here the question of 
consumption was not of paramount importance, and the qualities primarily 


demanded were simplicity and lightness of weight. SNECMA therefore 
turned its attention to compressors with a moderate number of stages and 
a compression ratio in the region of 5. 

The policy of continuity which SNECMA has pursued and which has led 
to the present Arar 9 of 13,200 Ib. thrust with reheat and capable of Mach 2.2, 
has placed the company in a good position to tackle the problems of the 
Mach 3 jet with the minimum of hazards. 


Technological problems 

The degree of compression required for the thermodynamic cycle raises 
the temperature of the air to more than 500°C at the end of the compression 
process, for M 3; this automatically eliminates light metals —even 
titanium —for the compressor, which will have to be of steel. 

Thus we are witnessing an increasingly wide-spread use of steel in the 
manufacture of jet engines. If the only problem were that of replacing light 
alloys by steel, however, engine designers would heave a great sigh of relief. 
Unfortunately the whole of a jet engine has to operate in a furnace-like 
environment, and this means that all the fuel, regulation and control systems 
must work with full reliability in temperatures in the neighbourhood of 
300°C. 

Despite all the technical advances to date, it is still impossible to dispense 
with the bearings which support the rotor assembly; hence some effective 
means of cooling must be found, to prevent the bearings from deteriorating 
under the effects of the heat. 

At present engineers are seeking a way to ensure that oil reaches the blades 
as cold as possible and to devise a lubricating system in which no decom- 
posed oil returns into the circuit to adulterate the oil from the tank. 

Another problem is that of keeping the engine pressure-tight. When 
operating temperatures did not exceed 100 to 150°C, an efficient solution 
to this problem was found in synthetic sealing materials, but when it comes 
to temperatures of 300° it seems to be impossible to find a material with 
favourable elastic qualities at this level. The immediate remedy lies in pre- 
cision machining of joints and the distribution of the bolts. The use of high 
precision machine tools becomes imperative, and here too the advances 
made in this field will make their contribution. 

Complex as are the problems raised by high temperatures in the flow 
system, those concerned with external ventilation are no less troublesome, 
since there is no longer any source of cool air available. Even the air reaching 
the outside of the engine casing is also raised to some 300°C. 

The engine accessories will therefore have to be located in a region where 
the temperature level does not exceed 250°C. 
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Cutaway drawing of one of the Super Atar’s predecessors, 
the SNECMA Azar E turbojet of 7,700 Ib. or 8,100 Ib. 
static thrust, without afterburner, with 8-stage compres- 
sor, annular combustion chamber, single-stage turbine, 
variable section exhaust pipe. 


The special role played by fuels in aircraft flying at Mach 3 should also 
be stressed. At such speeds they not only supply energy but also constitute 
a cooling medium for both aircraft and engine. 


Brief description of the Super Atar 

The all-steel Super-Atar is the engine with which SNECMA is preparing 
to enter the high supersonic speed range. 

This engine is a direct descendant of the well-known Arar family of engines, 
such as the Afar 8 and Arar 9, and thus benefits from the experience gained 
from these earlier models. 

The main design requirements are as follows: 

— small number of stages for the compressor, 
— wide use of steel, 

— low specific weight, 

— high percentage of standardized parts. 

The fundamental layout resembles that of the Atar 9, though it differs 
essentially in using steel, for the reasons cited above. The rotor and the 
stator are of all steel, and a certain number of the compressor stages have 
variable stator blades. The jet pipe is of the convergent-divergent type, with 
variable geometry controlled by the regulation equipment. The accessories 
are housed in a ventilated compartment underneath the compressor. 


Performance 

— Mach number region: 2 to 3 

— Altitude: above 82,000 ft. 

~ Thrust: 22,000 Ib. class 

— Specific weight: approx. 0.17 Ib./lb.t 


Installing a turbojet on the altitude test bed at France’s Centre d’Essais des Moteurs et 
Hélices: view from the intake end. 
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SNECMA's test facilities 


The decisive stage in an engine’s progress from the drawing board to the 
runway is spent on the test beds; only very rigorous testing can guarantee 
satisfactory operation under all flight conditions. 

For testing its engines SNECMA can call on not only its own facilities at 
Melun-Villaroche but also the installations at the Centre d’Essais des Moteurs 
et des Hélices at Saclay (the official test centre for engines and propellers). 
The latter’s facilities include not only the routine installations for engines 
and accessories but also three test beds for simulated flight conditions of up 
to Mach 3 (350°C) at altitude, and a pre-heat bench on which an intake 
temperature of 200°C and a pressure of 29 p.s.i. is obtained. 

Towards the end of 1959 two more test beds will come into service, with 
similar characteristics to the present ones. Finally, at a still later date, yet 
another two will be provided, to give a temperature of 650°C and a pressure 
of more than 100 p.s.i. and thus permit simulation of Mach 4 at altitudes 
above 36,000 ft. These latter two test beds will be fed with absolutely pure 
air. 

SNECMA’s own test facilities concentrate mainly on test beds for acces- 
sories and regulation. They include a hut which entirely encloses the engine 
to ensure that the airflow around it is of high temperature, and a special 
accessories test bed on which the fuel and regulation systems will be tested 
up to temperatures of 600°C. 

It will thus be seen that the scope of the test facilities available will be equal 
to the problems raised by flight at high Mach numbers. Our underlying 
ambition is to ensure the maximum of reliability for all the engines resulting 
from these advanced studies. 


The same engine on the CEMH altitude test bed: view from the exhaust end. 
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Rockets, Missiles and 
Space Vehicles 


e@ Atlas ICBM with three engines 


A new series of tests began a few months ago with the Convair At/as ICBM 
using a full operational power pack of three engines, namely two XLR 93-NA-1 
booster rockets jettisoned after burnout, and one XLR105-NA-1 main or “‘sustainer”’ 
rocket engine. The sustainer, not fitted for the first series of At/as tests, is mounted 
between the two boosters, as shown in the accompanying pictures, and is ignited 
on the ground along with the boosters. A few minutes after launching, the two 
XLR-93s and associated equipment are jettisoned, together with part of the bell- 
shaped engine cowling. This reduces the weight of the remaining missile body, 
which is then powered solely by the main engine. Convair lists the advantages 
of this ‘one and one-half’ staging system as a single weight-saving propellant 
tank structure for all engines, and simultaneous ignition of all engines on the 
ground, thus eliminating failure of stages to ignite after launching. 


Summarizing the results of the first series of flight tests, Convair states that 
missiles Nos. 1 and 2 (June 11th and September 25th, 1957) rose correctly from 
the launching pad on their two boosters alone, remained stable during the ascent 
phase, but malfunctioned after beginning the pitchover into trajectory and were 
destroyed by the range safety officer. The next two missiles (December 17th, 1957 
and January 10th, 1958) were launched successfully and fell into preselected 
impact areas. Two further At/as test vehicles (February 7th and February 20th, 1958) 
lost directional stability and broke up some 30 miles out over the Atlantic. After 
the causes had been determined, new launchings were made on April 5th and 
June 3rd, 1958, when the missiles travelled far out over the sea, to the manufac- 
turers’ satisfaction. However, the first full launching of the complete Af/as rocket 
on September 11th failed, as the weapon exploded about 90 seconds after rising 
from the launching pad. 





Hawk surface-to-air missiles are transferred from the self-propelled tracked loader on 
to the mobile triple launcher ready for operation. 


Profile of the Rocketdyne XLR 79-NA-1 rocket engine for the SM-75 Thor IRBM. 
This engine has also powered the first stages of all the U.S. moon vehicles so far 
launched. It is manufactured at the Rocketdyne Division of North American Aviation’s 
Neosha, Missouri plant. 





First pictures of the production Convair SM-65 Atlas ICBM with three rocket engines, 
designed for a full programme range of more than 6,000 miles. The modified tip shows 
the fitting to carry the nose cone (not yet mounted here), which is separated from the 


renainder of the missile before re-entry. The angled pipe above the sustainer engine 
(lower picture) is the exhaust for the turbopump. One of the two auxiliary rockets used 
for control purposes after burnout of the main engine is seen on the outside of the 
steel body in the lower picture. 
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This year’s Annual General Meeting of the 
International Air Transport Association was 
staged in Delhi, from October 27th to 3lst, 
against a genuine Oriental backcloth and under 
the polished stage-management of J.R.D. Tata, 
the new IATA President. Delegates were set upon 
elephants, taken on conducted tours through 
palaces and Mogul tombs and lavishly entertained 
in the Rashtrapati Bhavan, the official residence 
of the Indian President in the heart of the capital. 
The environment was even more brilliant, and 
the assembly of airline and aircraft industry 
representatives even larger, than in previous years. 
The heads of the 86 IATA member airlines parted 
on the last day of October, however, without 
having found an answer to the vexed question 
of fares for the jet age. 


The 19 members of the Executive Committee 
had assembled in New Delhi four days before the 
official opening of the Meeting, to settle the final 
programme for the conference and prepare solu- 
tions for the controversial problems facing the 
international airlines. By this time the Traffic 
Conference which had been meeting in Cannes 
had closed, with little or no result to show for its 
labours; no agreement had been reached on 
either passenger fares for jet services or the pro- 
posed special cargo rates for the North Atlantic. 
The Annual General Meeting therefore acquired 
added importance, as the questions left unsettled 


at Cannes had to be tackled again by the presi- 
dents and managing directors of the IATA com- 
panies. There was thus no lack of work awaiting 
the various committees at Delhi. And plenty of 
work was done. The delegates of the air transport 
industry—which continues to flourish despite 
trials and tribulations —measured swords behind 
closed doors, finally agreeing on certain points 
and accomplishing useful work. The overall im- 
pression left by the Meeting... But let us return 
to the footlights in the Vigyan Bhavan (House of 
Wisdom), the newly-erected congress hall, where 
Premier Jawaharlal Nehru officially opened the 
five-day conference on the morning of October 
27th. 


After speeches of welcome by the Indian Prime 
Minister and by Transport Minister Shri S.K. 
Patil, the new IATA President, J.R.D. Tata, the 
father of Indian air transport and Chairman of 
Air-India International, formally took over from 
Iberia President Dr. Tomas Delgado Perez de 
Alba. In this farewell speech Delgado warned 
the Meeting once again that total airline passenger 
and cargo space would “far surpass users’ 
demand” by 1962 —even if half the present capac- 
ity had by then been disposed of. Referring to 
the Traffic Conference at Cannes, he said: “I do 
not think that harmony can be attained within 
the Association if we ignore the problem of jet 
fares, which affects particularly the small airlines 
since they do not replace their flying equipment 
as soon as the big operators.” 


IATA Executive Committee: (seated left to right) Croil Hunter, NWA; Sir William P. Hildred, IATA Director General; 
Gilbert Périer, Sabena; J. R. D. Tata, Air-India International; Lord Douglas of Kirtleside, BEA; John C. Leslie, PAA; 
(standing, left to right) Professor John C. Cooper, IATA; Sir Hudson Fysh, Qantas; Gregorio Obregon, Avianca; 
Dr. Reubem M. Berta, Varig; Dr. Walter Berchtold, Swissair; D. M. Robbertze, SAA; Per A. Norlin, SAS; S. Yana- 
gita, JAL; A. Laurence Young (rear), IATA; I. A. Aler, KLM; Major J. R. McCrindle, BOAC; S. Krzyczkowski, 
IATA: Dr. H. J. Gorecki, IATA; Warren Lee Pierson, TWA. Newly elected membres are Ake Rusck (SAS), who replaces 
Per A. Norlin, and Sir Gerard d’Erlanger (BOAC), successor to Major R. McCrindle. 
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[ATA’s 14th Annual 
General Meeting in New Delhi 


Beneath the sun wheel from the Temple of Konorak, 
symbol of progress and harmonious motion: official 
opening of the 14th IATA Annual General Meeting. 


The new IATA President expressed a little more 
confidence, but even he did not ignore the heavy 
financial burdens which the conversion from 
piston-engine to turbine-engine aircraft impose 
on the airlines: ‘*...Some three billion dollars 
are being spent by the airlines alone, in addition 
to gigantic public investment in the strengthening 
and lengthening of runways, improvements to 
airport facilities, and navigational and air traffic 
control aids and systems, while at the same time 
great fleets of piston-engined aircraft, still capable 
of many years of reliable and economical service, 
are being rendered obsolete almost overnight.” 


Will this “progress” accelerate or retard the 
long-awaited reduction in fares which alone would 
make air travel accessible to millions of new pas- 
sengers ? Do we have too much or too little com- 
petition in air transport? 


These are some of the questions which Tata 
submitted to delegates for discussion at the com- 
mittee meetings, before passing the word to 
IATA Director General Sir William P. Hildred 
who also joined in the call for lower fares in his 
annual report. Later the Executive Committee in 
turn grasped the nettle of fares... from another 
direction: if the airlines are forced to pay still 
higher charges for use of navigation and traffic 
control facilities provided or operated by govern- 
ments, air fares will rise! 


In the working sessions, then, some hard battles 
were fought, while the ladies took afternoon tea 


India, the land of tradition, welcomes the world’s newest 
form of transport: Prime Minister Jawaharlal Nehru 
(right) and Vice President Dr. Radhakrishnan entering 
the congress hall, accompanied by Air-India Chairman 
Tata. 


















Delegates leaving the “‘House of Wisdom” after the plenary 


with Mrs. Indira Gandhi, the Prime Minister’s 
daughter, and recovered from the rigours of their 
sightseeing and shopping tours. In the evenings 
the usual cocktail parties and dinners restored 
flagging spirits, and for the first time the organi- 
zers of the 14th Annual General Meeting man- 
aged to persuade all the host manufacturers to 
combine forces and give a single banquet. And 
the aircraft industry made no mean job of enter- 
taining their customers. 


x 


Once again a brilliant blue sky, which had 
graced the whole of the Meeting in Delhi, wel- 
comed delegates on the last day as they betook 
themselves to the final session in the ‘“‘House of 
Wisdom’’. What transpired from the committee 
meetings did not seem to be entirely in tune with 
the cloudless skies, but the final session displayed 
commendable unanimity when it came to approv- 
ing the various recommendations and resolutions. 
Two resolutions in particular held the attention 
of delegates. 

Expressing con ern at the number of recent 
accidents and collisions which have been due 
primarily to lack of cooperation between civil and 
military airspace control, the Meeting urged all 
States and also the International Civil Aviation 
Organization to provide a system of “positive 
airspace control over national territory and over 
the high seas which would ensure that both mili- 
tary and civil aviation could perform their tasks 
under a single Air Traffic Control Authority in 
the respective Air Traffic Control Areas.”’ Fur- 
thermore the Meeting asked the ICAO Legal 


Lord and Lady Douglas try a new mount, as guests of the 
Maharaja of Jaipur. 











session. 


Committee to give first priority to the preparation 
of a draft Collisions Convention for both civil 
and military traffic. 

Earlier the Meeting had approved the budget 
for the 1959 business year, which provides for 
revenues of $1,101,900 and expenditures of 
$1,297,500, with the difference being covered by 
an appropriation from surplus. After approving 
the proposals for the assessment of membership 
dues, the Meeting confirmed the Executive Com- 
mittee’s appointments to the Financial, Legal, 
Technical, Traffic Advisory and Medical Com- 


mittees. 
* 


Ex oriente lux, it is said. If it is true that light 
comes from the East, this should be a good omen 
that IATA will solve its problems, including 
those of tariffs and air traffic control... Anyway 
the 1959 Annual General Meeting will move still 
further towards the rising sun. Tokyo has been 
chosen as location for the 15th AGM, which will 
open on October 12th, 1959, and Seijiro Yana- 
gita, of Japan Air Lines, will be the next IATA 
President. The 16th AGM will start on Septem- 
ber 12th, 1960, in Copenhagen, at the invitation 
of Ake Rusck, Scandinavian Airlines Systems 
President, and the Danish Government. Other 
invitations from Australia and Ireland to hold the 
1961 and 1962 Meetings in their respective coun- 
tries will be considered. 

The New Delhi Meeting is now a thing of the 
past. The next international air transport event 
to arouse universal interest will probably be the 
IATA Traffic Conference due to be held in Can- 
nes in April next year. 


Tomb of a great love: brilliant sunshine greeted the IATA delegates on their visit to the Taj Mahal mausoleum, built 
by Shah Jehan for his favourite wife Mumtas-mahal some 300 years ago. 


Vigyan Bhavan, the House of Wisdom. 
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Some of the committee meetings were held in the Ashoka 
Hotel, India’s most modern hotel, where numerous 
cocktail parties were also given. 


The Rashtrapati Bhavan, official residence of the Indian 
President, where delegates to the IATA Annual General 
Meeting were received. 
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Seijiro Yanagita (Japan Air Lines), next year’s IATA 
President, with Mrs. Tata and Mrs. Yanagita. 





M. Clapham (BOAC) and BEA 
Chairman Lord Douglas (right). 


ao Dae 
Banquet in the grounds of the Rashtrapati Bhavan: left, Premier Nehru greeting Lockheed President 
India’s Vice President Dr. Radhakrishnan, flanked by 
Mrs. Tata and Lady Hildred. 


Princely entertainment at Agra. 








India. 


Douglas Camp- 
bell, Vice Presi- 
dent of Panagra, 
and John C. Les- 
lie (seated), Vice 
President of 
PAA. 


Small countries 
with big airlines 
(left to right): 
W. Deswarte (Sa- 
bena), I. A. Aler 
(KLM), MmePé- 
rier and Gilbert 
Périer (Sabena). 









r' 
Ch. von Loewenfeldt (Japan Air 
Lines), S. Ralph Cohen (IATA) 
and Mrs. Pierson. 








Indian hosts: B. R. Patel, Vice-Chairman of Air- 
India International (left), S. K. Patil, Indian Minister 
of Transport, and J. R. D. Tata, Chairman of Air- 





a 


* 
You are my heart’s delight: Mrs. 
Tata and Sir William P. Hildred. 





Courtlandt Gross; in the rear Ellsworth Bunker, 
United States Ambassador to India. 


Courtlandt Gross (Lockheed). 
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Lockheed Aircraft Corporation brought its new Electra turbo- 
prop aircraft to Delhi and invited delegates to a flight over the 


Himalayas. 








The Director General's Annual Report 


Sir William P. Hildred’s annual report to the IATA 
Annual General Meeting, entitled “Jets and the Tide of 
Tourism”, emphasized the vital importance of the tourist 
trade to national economies, and the part which airlines 
play in promoting travel. This he illustrated by a few figures: 


In 1957 the world's scheduled airlines carried 87,000,000 
passengers, an increase of 13 percent over 1956. The num- 
ber of passenger-kilometres rose by 16 percent to 
82,000,000,000. On the North Atlantic, scheduled passenger 
traffic went up 22 percent and passed the million mark for 
the first time. The greatest step in the direction of lower 
fares and larger foreign travel markets had been the intro- 
duction of new Economy Class over the North Atlantic on 
April 1st, 1958. The latest available breakdowns showed 
that the Economy Class now carries 59.6 percent of trans- 
atlantic traffic, as against 21 percent for the First and De 
Luxe, and 19.4 percent for the Tourist classes respectively. 


Sir William estimated that total airline revenues for 1957 
were $4,100,000,000, as against operating expenses of 
$4,050,000,000, leaving a net margin of only $50,000,000, or 
1.2 percent. Revised ICAO figures for 1956 gave an operating 
profit of $84,000,000, or 2.4 percent, on revenues of 
$3,510,000,000 and expenses of $3,426,000,000. Thus, while 
the airlines had done 14 percent more work and handled 
17 percent more money, their expenses had gone up 25 per- 
cent and the operating profit was down by 40 percent. Des- 
pite these figures, the consistent aim of the 86 IATA air- 
lines had been to lower fares. 


Efforts by IATA members in Europe to coordinate and 
rationalize their services and arrangements continued in 
many fields, through IATA, through the Air Research 
Bureau and other more informal groupings. However, it 
would be utopian to expect any workable change in the 
pattern and organization of air transport in Europe before 
there are changes in the more fundamental economic 
patterns of the European States. The future health of air 
transport in Europe depended more on the accomplishment 
of such projects as the European Common Market than on 
any arbitrary rearrangement of air transport itself. 








Mr. Crudge (Boeing) and Major **... and what are we do to with Face to the cameya: Gerhard **Miss Electra’, one of the two 
J. R. McCrindle (BOAC). our piston-engine aircraft?’ Hdltje (right) and Henrich Gol- 
Max Hymans (Air France) and cher (both Lufthansa). 


American Airlines hostesses on 
loan to Lockheed. 
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Two Interavia Passengers 
in the 707 


The flight deck of the Pan American Boeing 707 jet 
transport. 


To mark the opening of its scheduled North Atlantic services with Boeing 
707-120 “Jet Clippers’, Pan American World Airways invited a party of 
aviation writers, including Interavia’s Paris and London managers, to a flight 
from Paris to London and New York. Their two brief reports are given below, 
two heads being notoriously better than one... Editors. 


English, French, Germans, Danes, Finns, Italians, Norwegians, Portu- 
guese, Swedes... PAA had really collected together a representative Euro- 
pean group! I shared the 707 cabin with 109 colleagues. The size of this air- 
craft came home to me forcefully when I saw the three 40-seat buses that 
were needed to take us all to the boarding point... just the passengers, that 
is; there was no room for the crew. 

Inside the aircraft, decorated in sky blue, white and grey (PAA’s colours), 
two details are striking; the cabin is so long that the usual “‘fasten seat belts, 
no smoking” panel has had to be replaced by small luminous signals above 
each row of seats; and the passengers’ panels contain not only the con- 
ventional individual controls for lighting and ventilation, but also oxygen 
masks which automatically drop to face level when the cabin pressure falls 
below a given value. 

A low-pitched roar told us that the jets had been started. Their noise was 
muffled during the taxying run, but reached its maximum during take-off. 
Take-off times varied between 30 seconds at Le Bourget and 55 seconds at 
Idlewild. Angle of climb was so steep that I had difficulty in raising myself 
from my seat. 

Thereafter the flight was normal, except that there was very little noise 
and very little vibration, and we were flying at 520 m.p.h. And it took five 
stewardesses and five stewards to look after the creature comforts of the 
110 passengers. 

But the lowering of the undercarriage, spoilers and flaps brought us back 
to reality. We began to descend, touch down, taxi out... and clearly felt 
the effects of the thrust reversers. 

There is little to say about the technical halt at Keflavik, Iceland, where 
a 100 m.p.h. West wind met us, or of our arrival in New York, where we 
were welcomed by the habitual body of customs and immigration officials. 
But I should like to give a few details about the return flight. We left New 
York at 19:22 and arrived in London at 02:04 hrs. New York time; in 
other words our flight time was 6 hours 42 minutes! 


It is in these non-stop flights that the true intercontinental jet aircraft 
will come into its own. Less than 7 hours from New York to Paris; that will 
be great. But then something will have to be done to speed up customs and 
police formalities, not to mention general procedures at the airports (in 
New York we had to wait more than a quarter of an hour at the end of the 
runway for the green light, while the jets quietly consumed hundreds of 
gallons of fuel!) Georges Février, Paris 


PAA’s Boeing 707 at New York awaits its 110 journalists from all over Europe, to carry them across the Big Pond 


in less than seven hours. 
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For years the pros and cons of the jet transport for 120 or more passen- 
gers have been the subject of fierce arguments. Now for the first time it has 
been possible to sit in a seat in one of these aircraft and be carried across the 


Atlantic. 


On October 21st about 35 British journalists and many from overseas 
papers assembled at London Airport to await the arrival of Pan American’s 
707 from Paris. As the aircraft taxied in and was refuelled for the first stage 
of the journey, the crowd surged forward through the immigration depart- 
ment. Here the first signs of jet age bottlenecks occurred, with jams in the 
doorway and jams to get into the buses. 


Arrived at the aircraft, a solid phalanx of humanity besieged the two 
standard type doors, but inside the Pan American crew managed cheerfully 
to seat 110 passengers of all shapes and sizes. If only somebody would hurry 
up and put in the “fingers” from the central terminal at London Airport, 
as had been suggested when the airport was in the design stage! 


Cruising at 32,000 ft., the cabin is peaceful and vibrationless, with only 
slightly more noise in the rear. My only complaint —economy seating was 
not meant for people with long Jegs, in the centre seat! And while the air- 
craft may be peaceful, 110 pressmen, speaking half a dozen different lan- 
guages, drinking, eating, playing cards and typing, are the nearest thing 
known to the Tower of Babel. 


Lunch, and that delicate after-meal drowziness —rudely shattered by the 
let-down for Keflavik, which was damp and dismal. A series of mild jolts, 
and the roar of the thrust reversers announced our landing at 172,000 Ib., 
in only 7,000 ft. An hour later, take-off for New York, with a long steady 
climb-out to 24,000 ft. We could have gone higher, but the headwinds, 
already 70 m.p.h. where we were, rose to 90 m.p.h. higher up. 


As we neared America the navigator sat down for a chat. Yes, he agreed, 
navigational aids on the Atlantic have needed a face lift for years, but no- 
one seems to do much about it, or about air traffic control and surveillance 
aids either, for that matter. He referred to the ““Golden Triangle”, Chicago- 
Washington—New York, where the traffic is as thick as an ants’ nest. And 
he said categorically that no-one in a jet is going to wait around in the stack 
seeing if they can get in—they will take an alternate earlier. He explained 
that, on this flight, the 707 had fuel for one hour holding at 25,000 ft., but 
only 30 minutes at 1,500 ft. And to carry 110 passengers at high speed to 
New York was currently eating away 16,000 Ib. of fuel per hour. 


Soon the Skipper announced we were letting down —including the landing 
gear. As the wheels came out I experienced a fleeting period of weightless- 
ness as my raised arms hung suspended. And then a steady descent, some 
fighter-like turns and banks, where the sea looked remarkably close, and 
we were lined up to Idlewild. Derek H. Wood, London 


The bar in PAA’s “Jet Clippers” holds ten persons. 
No official figures are available on the passengers’ 
capacity. 
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Frescanar is the name of a new, three-dimensional radar 
which has been developed and built by Hughes Aircraft 
Company for the U.S. Army Signal Corps. Unlike 
conventional radar equipment, in which the beam is 
directed mechanically, the Frescanar (frequency 
scanning radar; Army designation AN/MPS-23) 
incorporates electronic control for the beam, so that the 
radar scans the given area much more rapidly. The 
electronic beam control is provided by means of an 
antenna whose radiation direction depends on fre- 
quency, hence requiring periodic changes in frequency 
rather than a constant transmission frequency. Fres- 
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The Hamilton Standard 54H60 propeller mounted on 
the Lockheed Electra is 13\/ ft. in diameter and has 
solid aluminium blades. It has been selected by KLM 
for its Electra fleet, and by the U.S. Air Force, Coast 
Guard and Marines for their Lockheed C-130B 
transports. 


canar is a mobile search and detection radar for the 
** Missile Monitor’ system—a U.S. Army defence sys- 
tem based on surface-to-air missiles. The new equip- 
ment has the following advantages, the Army and the 
manufacturers announce: 


— Use of a pencil beam means greater concentration of 


the radiated electromagnetic energy, which gives 
greater range for the same transmitter power; 
- A single antenna group plus far-reaching miniaturi- 


zation of the circuits (transistors) makes Frescanar 
extremely mobile for field use; 





France’s Sud-Aviation SE. 116 Voltigeur multi-purpose 
and low-level strike aircraft with a representative 
collection of external military loads. At present the 
SE.116 is being flown on piston engines, though it is 
later to be fitted with Turboméca Bastan propeller- 
turbines (650/750 h.p.) The U.S. Army is showing 
interest in a slightly heavier development of the Volti- 
geur, the SE.117. 


The Sikorsky S-60 heavy helicopter wil/ begin flight 
testing early in 1959. The design of the helicopter, 
which is capable of carrying cargo loads of up to 
6 tons, resembles in some respects that of the S-56. 


— Simultaneous measurement of distance, bearing and 
altitude by a single radar equipment; 


- Electronic beam direction enables the air space to be 
scanned at great speed; 


— Minimum of ground clutter. 


The two pictures show the display unit with its two 
screens (left for distance and bearing, right for altitude ) 
and the inflatable plastic covering which protects the 
antenna from the weather. 








The North American X-15 rocket research aircraft, designed 
for altitudes of up to 100 miles and speeds equivalent to Mach 6 
to 7, was publicly unveiled on October 15th, 1958. Structural 
details and the flight test programme planned for this aircraft 
were described in Interavia No. 4, 1958, and the pictures on 
this page supplement the earlier article. They clearly reveal the 
configuration of the wings and tail unit and the exhaust apertures 
for the two rocket motors (Reaction Motors Inc.), each of 
which has four barrels. An interesting detail is the installation 
of two cameras in the cockpit cover; these are so placed as to 
record the behaviour of the tail during flight. The X-15 has a 
span of roughly 22 ft. and a length of around 50 ft.; gross weight 
is said to be more than 14 tons. Total cost of the X-15 research 
programme (including the construction of three or four air- 
craft) is ramoured to be more than $120,000,000. 
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Telecommunications 


and Electronics 


@ Recently the British Ministry of Supply demonstrated 
to airline representatives and civil officials an auto- 
matic blind landing system which has already been 
used in 2,000 landings in both propeller and jet air- 
craft without any damage being sustained. The system 
requires an autopilot in the aircraft into which guid- 
ance information is fed. At the beginning of the 
approach an ILS radio approach aid provides control 
information, and then during the last mile before 
touchdown a Magnetic Leader Cable and Radio Alti- 
meter provide the control data. Just before touchdown, 
drift due to crosswind is removed, so that the aircraft 
lands accurately aligned with the runway. After touch- 
down, the pilot disengages the autopilot and manually 
steers the aircraft, using signals from the Magnetic 
Leader Cable displayed on his flight instruments. 
This Cable equipment consists of two cables, one 
laid each side of the runway and extending into the 
undershoot area. Each cable is fed from an alternator 
with a current at a different frequency. The magnetic 
fields from the cables are detected in the aircraft by 
a small rotating loop, and their value is compared in 
a simple receiver. This allows position relative to the 
runway centreline to be determined to better than 5 ft. 
The radio altimeter, fitted in the aircraft, is specially 
designed to measure height very accurately down to 
zero. It is used to control flareout, during which the 
rate of descent is reduced close to the ground to give 
a smooth landing. The Automatic Speed Control 
moves the throttles to maintain constant speed during 
the approach. 

The following firms are concerned in the develop- 
ment and construction of the automatic blind landing 
system: Pye Ltd. (ILS radio approach aid); Standard 
Telephones & Cables (ILS airborne equipment and 
radio altimeter); Murphy Radio Ltd. (Magnetic 
Leader Cable); Smiths Aircraft Instruments Ltd. 
(autopilot, engine performance regulator and Inte- 
grated Flight System). 

Picture shows the Leader Cable Receiver, consisting 
of the Receiver Unit (above left), the Aerial Assembly 
(above right) and the Control Unit (below). 











@ The audio frequency spectrometer Type 2110 manu- 
factured by A/S Briiel & Kjaer, of Naerum, Denmark 
(see picture) is designed to facilitate rapid and 
accurate frequency analysis of complex signals such 
as those encountered in noise and vibration measure- 
ments. It can also be used as a true RMS reading 
vacuum tube voltmeter and for harmonic analysis of 
electrical signals. The frequency band from 35 to 
35,000 c/s is divided into 30 one-third-octave ranges. 
The selector switch can be operated manually or be 
driven by an external motor, and the mean frequency 
of the selected filter is shown on a large illuminated 
scale. If the graphic Level Recorder Type 2304 is used, 
the spectrograms are recorded automatically on pre- 
printed calibrated paper in less than 20 seconds. An 
important feature of the Spectrometer is its ability to 
measure not only the arithmetic mean value of the 
input signal, but also the true RMS value or the peak 
value. Error for signals with crest factors up to 5 is 
less than 0.5 db. The instrument can also be switched 
to operate as a linear amplifier or tube voltmeter in the 
frequency range 2 to 35,000 c/s. Two different meter 
damping characteristics are provided so that accurate 
measurements and easy meter reading are obtained 
also at the lower frequencies. The four internationally 
standardized weighting networks for sound level 
measurements are included and can be switched in 
whenever desired. Input and supply voltages for 
B & K Condenser Microphones are provided. 








face of the cathode-ray tube. 





@ Collins Radio Company is producing a new airborne VHF transmitter (17L-8A) for A3 operation, which is mounted 
in a standard 3-inch casing 8% in. long and provides 90 crystal-controlled channels in the 118 to 126.9 Mc/s range. 
It differs from the earlier 17L-8 model in that it can also be run on 13.5 volt DC networks in cogjunction with a new 
modulator/power supply unit (type 427B-2). The latter unit, transistorized, also contains power supply, mixer and LF 
stages for the Collins 51X-3 VHF receiver, which is mounted in the instrument panel as partner to the 17L-8A trans- 
mitter and covers the frequency range from 108 to 126.9 Mc/s on 190 crystal-controlled channels. 

@ The Electronics Department of Ferranti Limited has now developed a new type of screen phosphor with the pro- 
perty of storing images for periods of up to twenty minutes, which can then be released by shining infra-red rays on the 


@ Lear Inc. has been awarded a contract by Gyrodyne Company of America Inc. for the development and construction 
of a prototype radio remote control system for the Gyrodyne XRON-1 Rotor-cycle helicopter. 

@ The West Coast Electronics Laboratory of Kaiser Aircraft & Electronics, Palo Alto, California, has been awarded 
a prime contract by the Naval Air Development Center, Johnsville, Pennsylvania to provide the first airborne unit for 
the Contact Analog Display navigation equipment. The system furnishes pilots with a single integrated display of 
flight orientation information. The display is an analogy of the real world, and shows the basic information needed for 
flight control—forward, vertical and lateral motion and the attitude of the aircraft in relation to the earth and sky—as 
well as other vital details. A standard television tube, mounted in the instrument panel of the cockpit, serves as display 
medium. The system is scheduled to undergo its first flight test early in 1959. 
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eG. & E. Bradley Limited (London) has designed 
the illustrated, portable TACAN Performance Tester, 
which checks the efficiency of the airborne equip- 
ment used with TACAN air navigation systems. 
Known as Type 10166, the equipment is contained in 
a carrying case 17.4 in. wide, 14.9 in. deep and 6.9 in. 
high, and weighs (with case) 35 Ib. It will operate from 
a 400 c/s 115 volts power supply, or at 180 and 200 
volts (320—1,760 c/s). 





@ General Electric Company Limited has devel- 
oped, paralle! with the design of radar equipment for 
the de Havilland Sea Vixen, a fully-automatic test 
equipment (pictured) for checking electronic and 
electric installations in aircraft. This equipment can 
be used by unskilled operators and can check at high 
speed several hundred parameters of the installation, 
both static and dynamic, e. g. voltages, frequencies, 
waveforms, etc. 


@ Marconi's Wireless Telegraph Company sup- 
plied most of the radio system for the BOAC de 
Havilland Comet 4 which inaugurated jet services 
across the Atlantic on October 4th. The system 
includes two AD712 Autometic Direction Finders, 
two AD307 multichannel transmitter/receivers for HF 
communication, two AD305 VHF multichannel trans- 
mitters, two AD704 VHF receivers, a dual installation 
for reception of VOR/ILS, a Marconi Selective Calling 
system and a Type AD118 High Discrimination 
Receiver. Picture shows in the top row, VOR/ILS 
equipment consisting of (left to right) Type AD704 
Navigation Receiver, Type 2642 Bearing Computor and 
Type AD706 Glide Slope Receiver; second row, the 
second VOR/ILS Installation with Type AD708 Marker 
Paralwor and Selcal at left: third raw, Dial Type 
AN2nsiANMNA VHE Multichannel Transmitter and 
Peraiver: in hath the fourth and fifth row, a Type 
AD307 Multichannel Transmitter/Receiver. 
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A Ground-Based Take-Off Monitor System 


By John S. Lukesh, 


Control Systems Development Engineer, Nortronics, a Division of Northrop Aircraft,Inc., Hawthorne, California 


The pilot of a modern jet aircraft faces a highly 
dangerous experience each time he begins his seem- 
ingly routine take-off roll. The roar of the afterburner 
gives no indication of the jet’s ability or inability to 
effect a take-off. Today, it is humanly impossible for 
the jet pilot to assess the complex of interrelated 
factors that influence his take-off capability. In 
seconds, what seemed a safe length of remaining 
runway can be shrunk to a dangerous or disastrous 
margin. And yet, a large percentage of take-off acci- 
dents, currently designated “pilot error’, could be 
avoided by the application of modern electronic 
equipment capable of determining an abnormal take- 
off situation. 

The Nortronics TOMS (Take-Off Monitor System) 
is a ground-based system whose equipment, located 
in proximity to the runway, is composed of a Doppler 
radar, analog computer, runway signal lights, metro 
unit and a readout sign, as well as a small console 
controlled by the tower operator. 

It is generally agreed that the cost of the installed 
system, at around $75,000, would be one of the finest 
bargains in aviation safety were it to prevent no more 
than one fatal take-off accident. Actually, the system 
has analytically been proven capable of averting the 
majority of take-off-type accidents experienced by 
high performance jet aircraft in recent years. 

As commercial aircraft enter the Mach One era 
and military craft the Mach Two era of the jet age, 
the problem of preventing take-off mishaps increases 
in magnitude. The high wing loading required in 
turbojet aircraft to achieve range in both military and 
commercial operations means high lift-off speeds and 
long ground rolls. Unlike the propeller engine, the 
thrust of the jet engine is highly susceptible to varia- 
tions in air temperature and pressure. 

Increased take-off speeds place greater demands 
on the pilot who on the basis of meager information 
available at the critical point of “last refusal” has to 
decide (within no more than the time it takes to draw 
a deep breath) whether to continue or abort take-off. 


The take-off problem 


Statistics show that a major percentage of aircraft 
accidents occur during the take-off phase of flight, 
resulting in substantial loss of costly equipment and 
human life. After extensive study of take-off accident 
statistics at Nortronics and discussions with experi- 
enced pilots, it became clear that the take-off problem 
was compounded of four separate problems: 


1-Widely variable aircraft performance and long 
take-off ground rolls, 

2 - Pilot's inability to detect subnormal performance, 

3-Pilot’s inability to mentally compute take-off 
capability (partly due to lack of accurate informa- 
tion on acceleration and runway remaining), and 

4-The critical stopping ability of modern aircraft. 


Normal performance for a given jet aircraft may 
vary by as much as 100 percent from one set of take- 
off conditions to the next. Changes in ambient tem- 
perature, barometric pressure and gross weight (due 
to varying missions) all affect normal operation. The 
variability in performance of jet engines along with 
the high lift-off speeds and long ground rolls required 
of the modern jet aircraft mean that a critical situation 
exists even before the pilot releases his brake. There 
is no instrument at the pilot's disposal to indicate 
small changes in engine performance since such an 
instrument, to include all factors affecting overall per- 


formance, would be of such complexity and size to 
prevent its being airborne. 

With present instrumentation it is virtually impos- 
sible for the pilot to determine his take-off capability. 
This quantity is very sensitive with respect to present 
acceleration and runway remaining. The pilot has no 
accurate indication of either of these. The calculation 
required to determine whether or not flying speed will 
be reached within the remaining runway is such that 
one would prefer to seek its solution at home on a 
quiet evening rather than in the last critical seconds 
of the take-off roll. 

The fourth part of the take-off problem concerns 
the poor stopping ability of some jet aircraft. Brakes 
which are entirely capable of stopping an aircraft 
after touch-down are inadequate during take-off 
because of the added weight of fuel supplies and, in 
some cases, bomb load and ammunition. 

The tragic culmination of one or all of the above 
factors is the take-off accident. These accidents are 
of three types: 

1- The accident in which subnormal performance is 
not recognized in time to effect a safe abort, 

2-The accident, occurring after a malfunction, that 
results from a wrong decision by the pilot, and 

3-The accident that occurs after take-off but has 
been indicated by subnormal performance during 
ground roll. 


Solution of the take-off problem 


Two solutions to the take-off problem come readily 
to mind: lengthening runways and shortening required 
ground roll. The result would be a decrease in acci- 
dents due to subnormal performance and an increase 
in the probability of a safe take-off or abort after a 
malfunction. These solutions are being employed 
wherever possible. 

However, these are partial solutions and not, in all 
cases, practicable. It is necessary to go directly to 
the heart of the problem. The decision of the pilot to 
continue take-off or to abort at any time should be 
based on three elements of information (as they 
exist at that instant): 

1 - Take-off capability based on the amount of run- 
way available. 

2- Normality of performance. 

3- Stopping ability. 

The take-off capability consideration should be the 
only criterion upon which the decision to continue or 
abort is based beyond the point of stopping safety. 
Before this point the pilot may elect to abort for any 
reason: for example, subnormal performance not 
necessarily sufficient to prevent take-off. 

This information can be presented to the pilot as 
one continuous go/no-go signal; a signal based on 
normality of performance when it is safe to stop, and 
on take-off capability when it is not. Since the pilot 
will choose, on the basis of the information, either 
to continue or abort, capability need be displayed to 
him only as a go/no-go signal. It is unnecessary for 
him to know by what amount he cannot achieve take- 
off. A red light serves the purpose best. He is pre- 
conditioned to it and will_react instantly. 


Nortronics Take-Off Monitor System (TOMS) 


Nortronics’ Take-Off Monitor is an entirely ground- 
based system that handles all types of aircraft. It uses 
the following information: (1) the aircraft type, (2) 
gross weight, (3) total runway available, (4) instan- 





taneous position of the aircraft, (5) instantaneous 
acceleration of the aircraft, (6) instantaneous velocity 
of the aircraft, (7) wind velocity component down the 
runway, (8) temperature and (9) barometric pressure. 

From this information the TOMS system instan- 
taneously and accurately determines take-off capa- 
bility, normality of performance, and stopping ability, 
and does this continuously during the ground roll. 
Go/no-go information is computed and presented to 
the pilot. Continuous cognizance of all quantities 
listed is necessary in this or any other system for an 
adequate assessment of whether or not a take-off 
should be continued. Measurement of acceleration, 
for example, is absolutely essential for immediate 
detection of any change in performance (and the 
magnitude of the change) so that take-off capability 
can be re-evaluated, following a malfunction. 

The heart of the Nortronics system is housed in a 
package located at one end of the airstrip. It includes 
as its two basic components an analog computer and 
a Doppler radar. The Doppler radar gives a direct 
measurement of the aircraft velocity for take-off. An 
accurate value of acceleration is obtained by differen- 
tiation of the Doppler signal. The instantaneous posi- 
tion of the aircraft is likewise obtained from the 
Doppler signal through integration. Wind, tempera- 
ture, and barometric pressure are measured with 
appropriate sensors and fed into the computer. 

The first function of the system is to compute the 
ground roll required for the existing conditions of 
wind, temperature, and pressure and for the parti- 
cular aircraft type and weight, assuming normal per- 
formance. This ground roll length is indicated to the 
pilot on the readout sign along with the values for 
type of aircraft and weight. It is possible that the take- 
off may be called off here if the pilot feels that, under 
present conditions, his margin of safety is not suffi- 
cient. 


The ground-based electronic Take-Off Monitor System 
(TOMS) developed by the Nortronics Division of North- 
rop Aircraft, Inc., comprises a Doppler radar, an analog 
computer (lower left), a metro unit for atmospheric data 
(not shown here), go/no-go signal lights along the run- 
way, illuminated readout sign (top left) and a small desk 
in the control tower. TOMS is put into operation, at 
the pilot’s request, by the tower official, who feeds 
details of aircraft type and take-off weight into the 
analog computer. The pilot checks these data on the 
readout sign, which also shows the required ground roll, 
then begins the take-off. Thereupon TOMS continuously 
computes the aircraft’s take-off capability and presents 
to the pilot all he needs to know—a go/no-go signal. 
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During the actual roll, the go/no-go computation is 
continuously made and visually indicated to the pilot 
through signal lights located along both sides of the 
airstrip. As long as safe take-off is assured, all lights 
burn green. A red signal indicates abort. A third 
signal aid will prove useful when take-off speed is 
reached and lift off may be accomplished. At this 
time, the green light will commence flashing. 


Ground-based versus airborne TOMS 


It would not be possible to focus the entire take-off 
problem without mentioning a second solution that 
has been proposed—the airborne monitor. There are 
several airborne devices being developed that are 
simple, reasonably lightweight, and not overly expen- 
sive. However, these devices by the very nature of 
their being airborne must make certain concessions 
in their measuring capacities. Many do not make use 
of the vital quantity of present acceleration. Still 
others measure acceleration inaccurately. None of the 
airborne monitors yet proposed uses runway available 
in its take-off assessment. An indication of actual 


take-off capability, therefore, is not provided for those 
critical cases when an abort should not be attempted 
unless take-off is absolutely impossible. 

The decision to design a ground-based TOMS at 
Nortronics was based on the belief that settling on 
half-way safety measures would be extremely costly 
in the long run. Any compromise in the variables 
necessary to predict take-off capability degrades the 
accuracy of the prediction—often to dangerous levels. 

In summarizing the potential value of a ground- 
based TOMS to assure take-off flight safety, a list of 
its several advantages should be presented: 
Reliability: A high order of reliability is assured since 
design (size and weight) freedom permits redundant 
circuitry. The system gains relatively in reliability by 
its not being subjected to flight environments. Check- 
out of the system is a simple procedure. 

Accuracy: No compromise need be made on the 
equipment that measures the vital take-off para- 
meters because of size, weight, or power limitations. 
Mission: No weight, space, or power penalty is im- 
posed upon the aircraft for an indication that is use- 


less for the major part of the mission. A delay in take- 
off time is readily accommodated. The only adjust- 
ment required is a final correction of weight to account 
for the additional fuel burned. 

Compatibility: Installation of a single system per air- 
field is far simpler than retrofitting aircraft with air- 
borne systems. System usage is compatible with 
pilot take-off technique for all aircraft. 


Cost: One system per airfield is considerably cheaper 
than one system per aircraft. Low maintenance cost 
of one ground system versus several airborne systems 
becomes significant over a period of years. 


Pilot responsibility: Pilot calculations that can con- 
sume time and admit error are precluded. TOMS, by 
giving a continuous indication of performance from 
the start of ground run, provides a pilot with the vital 
time necessary to unhesitatingly make the right 
decision should an emergency take-off situation arise. 
No automatic stopping device is employed. In the 
last analysis, freedom of choice is reserved for the 
pilot, who applies the brakes or decides to continue 
his run when subnormal performance is indicated. 


One Radar or Two for Surveillance Work? 


By J. K. Todd, Chief Radar Engineer, 


Marconi’s Wireless Telegraph Company Limited, Chelmsford 


Cwi air authorities have the responsibility 
of providing air surveillance for their traffic 
lanes and to this end require gap-free cover 
up to about 40,000 feet to approximately 100 
nautical miles under all weather and terrain 
conditions. 

These requirements are not so easily met, 
as everyone engaged in radar work realises 
only too well. If we were dealing with the per- 
formance of a radar aerial in free space—and 
polar diagrams are sometimes published 
which give this impression—then all would 
be well. But, unfortunately, we are not. What 
we have to deal with is the performance of a 
radar aerial which is close to the earth’s sur- 
face, a vastly different state of affairs. 

The net effect of this juxtaposition is that 
the symmetrical “free space’”’ polar diagram 
is broken up into a series of lobes and gaps. 
Figure 1 shows the reason for this. In this 
diagram A is the phase centre of the aerial 
at a height AB above ground. BR is part of 
the earth’s surface. Radiation from A pro- 
ceeds along the desired path AP, but also the 
vertical beam width is such that some goes 
towards the ground and is reflected—at R in 
this case—to follow the same path as the 
main beam. If RP is the perpendicular, there 
is a path difference of AR minus AP between 
the two beams, and there is thus a phase dif- 
ference; this phase difference causes the beam 
powers to add or subtract (depending on its 
value) and thus cause maxima and minima. 
Typical polar diagrams in the vertical plane 
are shown in Figs. 2a, 2b and 3 for 10, 25 and 
50 cm. 
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This phenomenon is due to simple laws of 
physics and is unalterable. We have therefore 
to find ways and means of getting around the 
difficulty, and various methods have been 
evolved to this end. One of these is to com- 
bine “back-to-back” radars or to use one 
reflector illuminated by two feeds of widely 
different frequencies, and arrange matters so 
that the minima of one are filled by the 
maxima of the other. Another way of doing 
it is to use two radars of exactly the same fre- 
quency but at widely different heights. Yet 
another is to use a single radar at such a 
height that the first gap occurs well above the 
required cover. 

At first sight the third mentioned system— 
the single radar— would seem to be preferable 
in that only one transmitter-receiver is neces- 
sary. Unfortunately the ratio of aerial height 
to wavelength for this condition to occur gives 
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Fig. 1: Diagram showing the effect of ground reflections 
on a polar diagram in the vertical plane. 


practical configurations only at wavelengths 
above 50 cm. A hint of this difficulty is shown 
in Fig. 2a and 2b, whilst Fig. 3 shows the full 
polar diagram for a 500-kw 50-cm equipment 
with the aerial 15 feet above the ground on a 
10 square metre target. 


To sum up one aspect of the situation then 
—namely the requirement of gap-free cover 
up to 40,000 ft. to approximately 100 miles 
range—there are two lines of approach, either 
the use of two radars of different low wave- 
lengths or the use of a single radar of higher 
wavelenth, say, 50 cm. Of the two, the 50-cm 
approach scores on the grounds of straight- 
forwardness and relative simplicity. 


But this, of course, is by no means the end 
of the story, for there still remain two other 
most important operational requirements to 
fulfil—the ability to work through all kinds 
of weather and over all conditions of terrain. 
And while there is often some degree of con- 
trol over the choice of a site, the weather is 
something we have to take as we find, with 
the disquieting knowledge that the worse it 
is, the more vital to aviation is the need for 
radar. 


The usefulness of radar information is in 
direct relationship to the signal-to-noise ratio. 
Noise in this context includes all signals 
which are not required and consists of 


— clutter from the terrain such as mountains 
or towns, 


— clutter from atmospheric conditions such 
as snow or rain belts, 
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water towers, 

— echoes from atmospheric conditions such 
as “‘angels’’, 

— noise from extra-terrestrial sources such as 
solar noise, 

— noise from circuitry in the set such as ther- 
mal noise, 

— interference from various sources such as 
neighbouring radars. 


It can be shown theoretically that the clut- 
ter, or echoes, from spherical raindrops is 
inversely proportional to the fourth power of 
the wavelength for equal illumination. Rain, 
snow and hail are not truly spherical, but 
practical experience has shown that clutter 
from such conditions does increase very 
rapidly with reduction of wavelength. For this 
reason it seems logical to keep to as high a 
wavelength as possible. The other clutter with 
which users have to contend comes from local 
towns, hills and any other discontinuities on 
a smooth earth. These can extend for a radius 
of 20 nautical miles or more around the radar 
and in mountainous areas can give rise to 
permanent echoes at much greater distances. 
The result of this is highly illuminated areas 
on the PPI display through which it is diffi- 
cult to see any target. In addition it dazzles 
the operator when he is watching faint echoes 
outside these areas. 


Several ways have been proposed or devel- 
oped to reduce this trouble. One method is to 
shut off the display completely between the 
range and azimuth brackets concerned. An- 
other method is to arrange the circuitry to 
accept only those echoes which have moved in 
the intervals between successive pulses and to 
cancel out the stationary ones. This latter is 
the classical system called MTI or Moving 
Target Indication. 


The first method, although fairly simple 
and cheap for single areas, means that the 
target would also be blanked out when flying 
over or through these clutter areas, and this 
is considered unacceptable for a system 
aiming at “solid cover’ and 100 percent 
probability of target detection down to about 
1 nautical mile. 





echoes from the terrain such as masts or 


MTI was first used in the last war and has 
now been developed to a very high standard 
of efficiency and reliability. Its great advan- 
tage is that there is no blanking out of any 
target area. Its performance in the fully 
coherent system (described below) is out- 
standing, since it is quick starting and stable 
over wide temperature ranges, and is tech- 
nically very simple; to this end it gives of its 
best at the higher radar wavelengths. Its only 
drawback is the so-called blind speeds. How- 
ever, at the higher radar wavelenths there are 
fewer of them (at 50 cm and 375 pulse repe- 
tition frequency the lowest are at 0 and 182 
knots), and modern circuitry reduces their 
effect considerably; systems are known which 
remove this disadvantage completely. Figs. 4a 
and 4b show a PPI picture with and without 
MTI respectively, and echoes of moving tar- 
gets in the clutter area are clearly visible. 


At all radar frequencies the size of aerial 
is an important consideration. If aerials are 
large, the cost increases; more space is re- 
quired in which to set them up, and windage 
is an increasingly important factor. From 
experience, an aerial up to about 50 ft. long 
is quite practical. With such a length a beam 
width of about 0.45° is obtainable at S-band 
frequencies, 1.1 ° at L-band, 2.3° at 50 cm and 
6.9° at 150 cm. The obvious advantages of the 
narrower beam widths at the lower wave- 
lengths are, however, not achieved without 
losses in other directions. There are, for 
instance fewer return pulses in the narrower 
beam widths. Given a p.r.f. of 250 and an 
aerial rotation of 6 r.p.m. (giving a repetition 
of the PPI picture every 10 seconds), then 
there would be 3 pulses per beam width at 
S-band frequencies, 7.7 pulses at L-band, 
19 pulses at 50 cm and 48 pulses at 150 cm. 
In comparison with the 10-cm band return 
therefore, the 50-cm band has a pulse return 
ratio of 5: 1 with a consequent considerable 
improvement in such vital factors as signal- 
to-noise ratio, the efficiency of the MTI and 
the integration of the phospor on the PPI. 


Neither does this exhaust the practical 
benefits of 50 cm, for the employment of this 
frequency band permits the use of crystal 
control throughout the system in the fully 


Figs. 4a and 4b: PPI pictures with and without Moving Target Indication. 
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Fig. 3: Full polar diagram for a 500-kw 50-cm radar, 
with the aerial 15 feet above the ground, on a 10 square 
metre target. 


coherent method. In this way by tying the 
p.r.f. to a submultiple of the transmitted fre- 
quency, it ensures that every transmission 
has phase coherence, thus providing complete 
stability and avoiding the necessity for any 
“‘warm-up” period after switching on. From 
a purely mechanical aspect, too, the metal- 
to-air ratio can be considerably reduced in a 
50-cm aerial over its S or L-band counterpart 
of equivalent physical length, thus easing the 
torque required for turning. 


* 


From all the above, it would seem that 
with the sole exception of the size of the 
aerial, and hence the azimuthal beamwidth, 
the longer wavelengths give a superior per- 
formance. A compromise is clearly necessary 
to come to terms with operational require- 
ments and the beamwidths. From talks with 
the controllers at airports, it would seem that 
quite wide beam widths are certainly tolerable 
and by some preferred, and that the 214 
degree given by a 50-cm radar and a 50-foot 
aerial is fully acceptable and within the ICAO 
specification. 
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AIR TRANSPORTATION 


@ The six largest airlines in the United States — 
Capital, American, Eastern, Pan American World 
Airways, Trans World Airlines and United Air Lines 
—recently announced an agreement to share revenues 
when one or more of them is prevented from oper- 
ating by a strike. The pact, which is retroactive to 
October 20th, is valid for one year. Other U.S. 
operators were invited to join the agreement. The 
airlines said in a statement that the agreement would 
“provide a method which will serve to pass to the 
carrier suffering the strike the additional income 
accrued to the other carriers by reason of diversion 
of traffic from the struck carrier.” 


@ National Airlines is to become the first domestic 
carrier to inaugurate Boeing 707 services on internal 
routes. The Civil Aeronautics Board has approved a 
charter arrangement between National and Pan 
American World Airways which will permit National 
to start regular Boeing 707 flights between New York 
and Florida on December 10th. 


@ The Mexican Government has drawn up a five- 
point programme to develop Mexican civil aviation: 
1. Airline operators will receive subsidies equal to 
State revenues from aviation fuel taxes, landing fees 
and other charges; 2. Publicity work by airlines and 
the State Tourist Office is to be coordinated, both in 
the national and international fields, and the inter- 
national role of Mexican carriers publicized; 3. A 
committee of experts is to be established to examine 























Norwegian officials have decided to install Martin-Baker 
Aircraft ejection seats in the Norwegian Air Force’s jet 
fighters. The Mark S.5 version fitted in an F-86K Sabre. 


The F.27 Friendship turboprop transport in production at the Fokker plant in Holland. 


What's in the Air? 


Extracts from \nteravia Air Letter, daily international news digest, in English, 
French and German. All rights reserved. 


all problems arising from the introduction of jet 
aircraft; 4. The maximum facilities are to be provided 
for private and sports flying, and subsidies made 
available; similar assistance is to be given to aero 
clubs throughout the country. 

@ Aerolineas Argentinas is considering the possibility 
of withdrawing its Douglas DC-3 and DC-4 aircraft 
from service and replacing them with Fokker F.27 








‘ a. iets 
KLM Royal Dutch Airlines inaugurated on November 
Ist a twice weekly Arctic service from Amsterdam to 
Tokyo, via Anchorage. Picture shows the amount of fuel 
necessary for the Douglas DC-7C’s four Wright Turbo- 
cyclone R-3350 turbo-compound engines for this route. 





Aerolineas Argentinas technicians and electronic spe- 
cialists inspecting the Comet 4’s Ekco storm warning 
radar ai the de Havilland factory. Aerolineas Argentinas 
has placed an order for six Comet 4s, delivery of which 
will begin in February 1959. 





Friendships. The DC-3s and DC-4s would be sold to 
the Air Force or taken over by private companies. 
It is also reported that Aerolineas Argentinas is 
interested in acquiring the French-built SE.210 
Caravelle medium-range jet transport for its domestic 
trunk lines and services to other South American 
cities. 

@ Finnair Aero O/Y inaugurated a daily service 
between Helsinki and Geneva, via Copenhagen, 
Cologne/Bonn and Frankfurt, on November Ist. The 
flights leave Helsinki at 14.45 hrs (local time), 
arriving at Geneva-Cointrin at 22.40 hrs (local time). 
In the opposite direction, departure from Geneva is 
at 07.15 hrs (local time), arrival at Helsinki at 17.05 hrs 
(local time). The service is being flown with Convair 440 
Metropolitans. 


@ The Swedish Board of Civil Aviation is considering 
a programme to combat the risk of mid-air collisions. 
One proposal would require all Swedish airliners to be 
painted with luminous “‘day-glow”’ paint. Also urged 
are the construction of new radar stations, the 
improvement of air traffic control facilities, and better 
coordination between the civil and military facilities. 
Since 1955 there have been 60 reports of narrow 
escapes in Swedish airspace. 

@ Air France and Scandinavian Airlines System signed 
a five-year pool agreement on October 28th to 
operate two flights daily between Paris, Copenhagen 
and Stockholm in each direction from November Ist. 


@ Alitalia will inaugurate a twice weekly service from 
Rome to Bombay, via Karachi, at the beginning of 
1959. According to Count Nicolo Carandini, President 
of the company, this route will later be extended to 
Australia and Japan. 

@ The Italian Government has approved additional 
credits amounting to 4,000,000,000 lire for completion 
of Rome’s new Leonardo da Vinci Airport at Fiumi- 
cino. The new allocation brings the total expenditure 
approved for the project to 22,000,000,000 lire. The 
original estimates, however, were that construction of 
the airport would cost 28,000,000,000 lire. On the 
other hand, it has been announced that new railway 
lines and roads to connect the airport with Rome 
will be built by the State and the local authorities 
respectively at an overall cost of at least 6,000,000,000 
lire. 


e@ Dr. E. E. Heiman, Publisher of J/nteravia, has been 
awarded the German Federal Republic’s Cross of 
Merit, First Class (Verdienstkreuz Erster Klasse) in 
recognition of his services to German aviation and 
international cooperation in air transport. 


INDUSTRY 


@ The companies associated in Flugzeugbau Nord 
GmbH— Weser Flugzeugbau, Hamburger Flugzeug- 
bau and Siebel-ATG—are working on the develop- 
ment of an assault transport for the German Air Force, 
in addition to licence-building the Noratlas. It has not 
been revealed whether the work is being done under 
a research contract or a firm development award. 
Some time ago, Federal Defence Minister Franz 
Josef Strauss indicated in a speech to the German Air- 
craft Manufacturers’ Association that the Luftwaffe 
was interested in a German-designed assault trans- 
port, and that discussions would be held with industry 
representatives. 


@ A new company, to be known as MAN-Turbo- 
motoren GmbH, was registered in Munich recently 
with a basic capital of DM 500,000. According to 











Aircraft for the German Air Force: The approved pro- 
curement programme outlined by the Federal Defence 
Ministry includes America’s Lockheed F-104 Starfighter 
supersonic fighter (left), Italy’s Fiat G.91 light strike air- 
craft (centre) and France’s Sud-Aviation Alouette jet 
helicopter (for the Army). 


unconfirmed reports, MAN-Turbomotoren GmbH is 
planning to manufacture jet engines for the German 
market in conjunction with Rolls-Royce Ltd. Licence 
production of Rolls-Royce engines, however, is not 
contemplated. 


@ Industrie Riunite Elettroniche Meccaniche is the 
name of a new jointly owned limited liability company 
which has been formed by France’s Compagnie 
Générale de TSF and Italy’s Societa Finanziaria 
Meccanica. The new company will have a capital of 
100,000,000 lire. Its purpose will be to work on joint 
Finmeccanica-CSF projects in the electronics field 
and to develop foreign markets for both defence and 
civil sales. President of IREM is Ermanno Guani, 
Managing Director of Finneccanica and President of 
Laboratori Elettronici Riuniti. The company is 
managed by Ferdinando Pollastrello, of Italy, and 
Pierre Mazoyer of France. 


The Peking No. 1, developed by professors and students 
at the Aeronautical Institute in Peking; for eight pas- 
sengers plus two-man crew. Flight testing of this small 
transport was commenced recently. Max. speed approx. 
160 knots; max. range 540 nautical miles. 


@ The boards of directors of the Cessna Aircraft 
Company and Aircraft Radio Corporation have 
authorized their respective executive officers to 
formulate a plan for the merger of Aircraft Radio and 
Cessna. The plan will be subject to the approval of the 
stockholders of both companies. Under a basic 
agreement, unanimously approved by the boards of 
directors of each company, each Aircraft Radio 
stockholder would receive two shares of Cessna stock 
for each three shares of Aircraft Radio stock. 


MILITARY AFFAIRS 


@ The procurement programme outlined by the 
German Federal Defence Ministry was unanimously 
approved by the Lower House Defence Committee on 
November Sth. The programme calls for the acqui- 
sition of ten Lockheed F-104 Starfighters from the 
United States and the licence production of approxi- 
mately 300 of these aircraft in the German Federal 























Republic. An announcement by the Federal Defence 
Ministry said this meant that the Starfighter would be 
bought if Lockheed Aircraft Corporation offered 
favourable price and licence conditions. Negotiations 
are still in progress with the company. The programme 
also envisages the procurement of 200 Italian- 
designed Fiat G.91 light strike aircraft, 50 of them to 
be bought in Italy and the remaining 150 to be 
constructed in Germany. Finally, 60 French Sud- 
Aviation Alouette jet helicopters are to be purchased 
for the German Army. The price given for the F-104 
Starfighter was DM 4,000,000; for the Fiat G.91, 
DM 2,000,000; and for the Alouette DM 280,000. 


@ General Norstad, NATO’s Supreme Commander, 
told a press conference in Paris that NATO plans to 
increase its guided missile battalions from 30 in 1958 
to more than 100 in 1963. This would mean a corre- 
sponding reduction in conventional aircraft. By 1963, 
between 30 and 40 squadrons would no longer be 
required. Norstad said a five-nation squadron is being 
organized to carry out tactical tests of the Fiat G.91 
lightweight strike fighter which had been selected in 
a NATO-sponsored competition. He said the inter- 
national squadron would include pilots from West 
Germany, Greece, Italy, Turkey and France, and 
would have about 25 aircraft. It would move this 


Macchi MB. 326 two-seat jet trainer. 


winter or next spring to Germany, where it would take 
part in manoeuvres to test the aircraft’s tactical value 
in a close support role with Allied troops. The 
Supreme Commander also announced that the first 
leg of the NATO “forward scatter’? system of com- 
munications is in operation from Bodo near the 
Arctic Circle to Oslo. Very satisfactory progress was 
being made on the rest of the system between Paris, 
Naples and Izmir, and he expected this second leg to 
be in operation next February or March. 


AIRCRAFT AND EQUIPMENT 

@ 7.188 is the designation of the stainless steel and 
ceramic research aircraft under construction by 
Bristol. The machine has involved several years of 
research and development. It is expected that it will 
explore flight, control and materials problems at 
speeds of M = 2.5 to M = 3. No details of the air- 
craft have been revealed nor its proposed date of 
first flight. 

@ The Hawker vertical take-off light strike aircraft 
(Bristol powerplant) carries the designation P.1127. 
@ Armstrong Whitworth expects to fly the prototype 
Argosy freighter-coach during December 1958. The 
pressure test aircraft is already installed in the water 
tank. 
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Field, Fort Belvoir, Va., to a group of civil and military 


@ Viscount 810s ordered from September 1958 
onwards show further economic improvements: Max. 
weight at take-off has been raised by 3,500 lb. to 
72,000 Ib. Effect of this increase will be to extend the 
range with max. payload of 15,000 lb. from 800 miles 
to 1,200 miles with full reserves. This take-off weight 
increase will reduce the seat-mile cost at extreme range 
by 23 percent and at the same time increase the 
earning power of the aircraft by 34 percent. Extra 
long-range fuel capacity will be provided in the 810 by 
new and larger slipper tanks of 250 Imp. gals each. 
With full fuel, the aircraft will carry a payload of 
10,400 Ib. over a 1,650 mile sector with reserves. 


@ The Nord Griffon experimental aircraft (powered by 
a SNECMA-Atar plus Nord ramjet) recently attained 
an officially confirmed speed corresponding to 


Walter Luz, of the man- 
agement of Flughafen 
Frankfurt/Main A.G. (the 
company which operates 
Frankfurt Airport), cele- 
brated his 60th birthday on 
November 27th, 1958. He 
began his career with Luft- 
schiffbau Zeppelin, Fried- 
richshafen, and then took 
over commercial manage- 
ment of Deutsche Luft- 
hansaA.G. on January 6th, 
1926. When the Lufthansa 
headquarters at  Berlin- 
Tempelhof Airport were 
occupied in 1945, he was interned by the Russians and 
was sent to Russia as a prisoner of war in 1947. He 
returned to Germany in December 1955 and was appoint- 
ed to the management of Flughafen Frankfurt/Main 
on February 15th, 1956. 





Mach 2.05. This was measured in a climb (at 19,680 
f.p.m.) and at an altitude of more than 49,210 ft. 


@ The Dassault Mirage III, with SNECMA-Atar 9 of 
13,230 lb. thrust, reached an officially recorded speed 
of Mach 2 on October 24th. This figure was achieved 
on the jet engine alone, without the auxiliary rocket 
which will normally be mounted on this aircraft. 
Moreover, the aircraft in question was not a proto- 
type, but a pre-production model following the 
specifications laid down for the production batch 
ordered by the French Air Force. 


The first unit of the USAF’s Tactical Air Command to be equipped with the ‘*C” 
version of the Lockheed F-104 Starfighter supersonic all-weather fighter is the 831st 
Air Division stationed at George AFB, near Victorville, Calif. Picture shows the first 


F-104C before take-off on the delivery flight. 





The VTOL Vertol 76 (U.S. Army designation VZ-2) which was recently demonstrated for the first time at Davison 
representatives. 





Under-Secretary of State Professor Dr. Leo Brandt, 
Deputy Minister of Transport and Engineering, North 
Rhine Westphalia, celebrated his 50th birthday on 
November 17th, 1958. Professor Brandt was Head of 
Development of Telefunken, Berlin, for several years, 
and under his direction the well-known German radar 
equipments Wiirzburg, Riese, Lichtenstein and Berlin were 
developed. After the war Brandt succeeded in bringing 
together the widely scattered German radar experts to 
form the Ausschuss fiir Funkortung, and he has been 
President of this committee for many years; he also 
succeeded in renewing contact with foreign radar circles. 
Brandt initiated the Arbeitsgemeinschaft fiir Forschung 
of North Rhine Westphalia. As President of the ‘‘Ge- 
sellschaft zur Foérderung der kernphysikalischen For- 
schung” he played a decisive role in the construction of 
the Stetternich atomic research centre near Jiilich. Pro- 
fessor Brandt is connected with the aviation industry by 
the important role he has played in the reconstruction of 
the “Deutsche Versuchsanstalt fiir Luftfahrt’ as well as 
his membership of the Lufthansa Board. 


@ A special new export version of the Saab-35 Draken 
all-weather fighter and attack aircraft is mentioned 
for the first time. This is powered by a new Rolls- 
Royce engine of undisclosed thrust, which will permit 
the following performance improvements: top speed 
Mach 2+; initial rate of climb approx. 50,000 f.p.m. ; 
increased service ceiling as well as a considerably 
increased range. The new Draken can also be equipped 
with heavy ground attack armament. In the Royal 
Swedish Air Force, this version will be known as the 
35B. It is equipped with Saab’s collision-course 


transport trailer. 





VTOL Short SC.1 experimental aircraft on the occasion 
of its first free vertical flight. 


gunsight and latest air-to-air weapons. Meanwhile, 
the earlier Saab-35A is now approaching full produc- 
tion and will shortly go into service with the Royal 
Swedish Air Force. 

@ The first prototype of the Macchi MB. 326 two-seat 
jet trainer has just completed its flight testing, and the 
second prototype is now also flying. The second 
prototype incorporates all the improvements found to 
be desirable during the flight testing of prototype No. |. 
In this way stalling speed and permissible max. speed 
have been markedly improved. The manufacturers 
also announce that flutter tests are now being made on 
the MB.326 at ONERA’s laboratories in Brétigny, 
and Macchi has concluded all the necessary static 
load tests. At the moment fatigue tests on individual 
components and sub-assemblies are being carried out 
for the Italian Ministry of Defence (Air). During the 
flight tests indicated speeds of up to 450 knots were 
recorded in a shallow dive, though it is planned to 
test this aircraft up to top speeds equivalent to 
Mach 0.82. Macchi also reports that the possibility 
of fitting the MB.326 with a more powerful jet engine 
(Viper 11) is being investigated; no structural 
modifications would be needed in order to install 
this engine. A version of the same aircraft with 
Turboméca Gabizo is also in the project stage. As 
already reported, quantity production of the MB.326 
has begun at Aeronautica Macchi, and a pre-produc- 
tion batch of twenty aircraft is now under construc- 
tion. Deliveries to the Italian Air Force are planned 
for late 1959. 

@ Grumman Aircraft announces that the first pro- 
duction model of its new Ag-Cat agricultural aircraft 
made its first flight at the Schweizer Aircraft Corp.’s 
airfield on October 17th, 1958. The Ag-Cat is being 
produced by Schweizer as subcontractor to Grumman. 


At the request of the De- 
fence Ministry, Karl Fry- 
dag, President of the Ger- 
man Aircraft Manufactur- 
ers Association, has taken 
on the task of acting as 
liaison between the Min- 
istry and the Industry and 
of ensuring the rational 
distribution of all orders. 


Manned and unmanned weapon system: left, the Convair B-58 Hustler supersonic jet 
bomber; right, the Convair Atlas strategic surface-to-surface guided missile on its 








air defence 
data handling and display 


advanced computers provide the guidance and control data needed 


Modern Air Defence demands full, clearly-presented and up-to- 
by the new weapons. 


An experienced staff, whose operational and technical studies 
have guided the development of these new systems, is available 


date information. The old systems and organisations are inade- 


quate in the face of new threats. 

Decca Radar is delivering today operations room systems which 
are far in advance of those now in service. Comprehensive defence to assess particular operational requirements, and to make 
data is handled and presented, clearly and with negligible delay ; proposals which will meet them with a new order of efficiency. 


DECCA RADAR sé rves the world DECCA RADAR LIMITED - LONDON - ENGLAND 
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Pur men who use the airport at Brazzaville 
put themselves confidently in the hands of a man 
who is himself a seasoned flier. 

Mr. Perks is Aviation Refueling Supervisor. But from 
1942 to 1946, he was first an air gunner, then.a pilot with 
the 2nd Tactical Air Force. He notched up 56 sorties, 
was once shot down and picked up at sea by Air Sea 
Rescue. 

In the comparative calm of peacetime, Mr. Perks 
handled the busy traffic at Dakar as Airfield Control 
Tower Operator for the American Air Transport 
Command. 


Ve ybil 


Mobil Man at Brazzaville 


After three years as Flight Dispatcher with S.A.S. and 
two more as R.T. Controller for Regional Air Traffic 
at Dakar, Mr. Perks became Mobil Supervisor at 
Brazzaville. 

This flying-man’s man sounds exceptional. But he is 
also typical. Typical of the tried and trusted personnel 
employed by Mobil Overseas Oil Company, Inc. and 
its affiliates throughout the world. For all his varied 
experience, perhaps Mr. Perks has never had a bigger 
job than the safe refueling of commercial airlines with 
quality Mobil products. It’s a job he is superbly suited 
for. Mobil is proud of its Airport Supervisors. 


fviation Fuels and Lubricants 
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These facts merit study: 


e By special arrangement, Convair has 
transferred to Canadair all ‘*440” tooling 
to start new “*540” production line. 


e Seat mile cost of 1.3 to 1.5 cents. 


e Low operating costs make it profitable 
on moderate density routes... has 8% 
more seats than ‘*440’s”’ in standard 
configuration. 


e Operational flexibility: uses any moderate 
size airport . . . has a range of 1500 miles 
with 2 hrs. fuel reserves . . . climbs 
quickly (1400 fpm) to smooth cruise 
altitudes of 15-20,000 ft. 


e ‘“Eland-6” engines provide wide speed 
range... overhauls at long periods... 
sectionalized design for easier maintenance. 
Each engine develops 3500 eshp at 
take-off, allowing increase of 4100 Ibs. 
over “440” in max gross weight. 

Cruise speed 325 mph at 20,000 ft. 


e Aircraft is in production for the Royal 
Canadian Air Force . . . first deliveries, 
July, 1959. 
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The NEW CHALLENGER 


For Short-Medium Routes! 


— Newest Member 
of a Family of Greats 





The turbine-powered Canadair “540” is the 
newest development in a series of great aircraft—the 
Convair “‘240’s”’, ‘*340’s” and “‘440’s”—aircraft that 
have already accumulated some 6,000,000 hours of 
world-wide operating experience—aircraft that have 
proved themselves to be unmatched in their flight 
range for speed, efficiency and economy of operation. 

With Napier Eland turbine power added, the 
Canadair “540” has the increased range, speed and 
payload that identify it as the great new challenger 
on short and medium range routes. 

The result is a new airliner unsurpassed in 
performance characteristics and earning power. 


Your inquiries are invited. 


European Representative: J. H. Davis, 
Princes House, 190 Piccadilly, London W.1., England 


CANADAIR. 


Limited, Montreal, Canada 


¢ Alrcratt ¢ Research and development 
¢ Guided Missiles ~-+ Nuclear Engineering 
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CANADAIR IS A SUBSIDIARY OF GENERAL DYNAMICS CORPORATION 
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In the service of aviation 


Gaily hovering balloon flights are a thing of the past; today nobody leaves the 
choice of his destination to the wind or to chance. Those working successfully 
in the service of aviation today need instruments which are infinitely superior 
in speed and accuracy to the aids of yesteryear. Responsibility for the safety of 
human lives can no longer be borne by the designer alone—but machines can 
help with accurate results. They solve engineering problems without human error. 


The new EASE 1100—an electronic analog computer built by Beckman Instruments 
Inc.—solves problems in the fields of aircraft manufacture, control and oscillation 
techniques with their linear and non-linear differential equations. 


Its particular advantage : The basic equipment of a computer installation of the 
EASE 1100 type can be extended unit by unit into a combination of almost any 
desired size. Its great ease of operation, fully automatic with digital feed and 
evaluation, guarantees minimum programming and checking time. With an 
accuracy of 0.01 %, the 


EASE 1100 is a prince among electronic analog computers. 


Our analog computer center in Munich is at your disposal for 
the solution of problems concerning oscillation and stability 
techniques or for the simulation of technical and physical 
processes and control systems. 

Please write for further details under « R 20» 


Beckman has supplied analog computers to many leading 
industrial companies, including : 

G. M. Allison Division, Indianapolis, Indiana, 

Boeing Airplane Company, Seattle, Washington, 

Chrysler Missile Corporation, Warren, Michigan, 

Brown, Boveri & Cie., Baden, Switzerland, 

Federal Ministry for Atomic Affairs, Frankfurt/Main 


Beckman Instruments GmbH 
Munich 45, Frankfurter Ring 115 
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Firestone Tires qualify for use 


on new Boeing 7O7 and 
De Havilland Comet IV Jetliners 


Like most everything about the sleek, new Jets, new kinds of tires 
were called for, new tire specs had to be written. Tire engineers 
carefully reviewed the requirements and decided that dynamic testing 
at 200 m.p.h. was necessary to assure maximum safety. All tire manu- 
facturers had to meet or exceed these specifications to qualify. 

The first tires tested by Firestone passed with flying colors. That 
was not surprising because Firestone Tires had already been accepted 
as standard equipment on the new big long-range military jet bombers. 
In addition Firestone had years of experience in building all kinds of 
tires for the toughest kinds of service — tires to take the landing 
wallop of supersonic military jet fighters; the impact of heavy loads in 
rugged earth-moving operations; tires to withstand the heat build-up 
in the fastest auto races in the world like the Indianapolis “500” and 
the Monza International “500” where speeds average 190 mep.h. 

Firestone is proud to have been accepted as one of the companies 
supplying tires for the new Boeing and De Havilland Jetliners—proud 
of the part they have been assigned in ushering in this wonderful, 
new age of faster, safer, more comfortable air transportation. 

The New 


See your Firestone Distributor or write to {7 restone 


Firestone International Co., Akron 17, Ohio, U.S.A., or é 
Firestone Tyre & Rubber Co. Ltd., Brentford, England. SKY CHAMPION FOR JETS 
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Already being 
delivered to several 
N.A.T.O. countries 
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Gun Fire Control System for 40 mm guns 
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Since the publication of the last “ Situation 
Report from Bonn” (Interavia No. 3, 1958) 
there has been little new to note as concerns 
either equipment or personnel, at any rate for 
the outside observer. Behind the scenes, however, 
there has been plenty going on. After replanning 
the structure of the armed services, Federal 
Defence Minister Dr. Strauss and his men have 
been able to set up not only the cadres but also 
a number of first-line units as part of Germany’s 
contribution to NATO. 

September 1958 saw the first exercises by 
substantial units of the new Bundeswehr in 
northern and southern Germany. Although the 
value of public manceuvre criticisms should not 
be over-estimated, the results of the first post- 
war exercises deserve general notice: they did 
provide evidence of the Army’s fighting value 
and of the efficiency of its equipment—though 
the latter is still far from complete. What is 
more, they revealed what is the spirit in these 
new “democratic”? armed forces, what are 
relations between troops and the civil population, 
between officers and men, and finally what kind 
of an impression is made both at home and 
abroad by the Federal Defence Minister at the 
head of the men under his charge. 

Defence Minister Franz Josef Strauss, whose 
name has been mentioned so frequently during 
recent months—and who is a relatively young 
member, both in years and in political experience, 
of the Adenauer Government—is coming further 
and further into the limelight. How much 
interest the international press has been taking 
in him is revealed by the fact that the 
October 1958 issue of “Reader’s Digest” 
(world-wide circulation more than 15 million) 
devoted one of its three main articles to him, 
under the title “ West Germany’s Genius with 
Elbows’’. Anyone who has been able to observe 
conditions in Bonn more closely these past 
few years will find in the article merely a con- 
firmation of what he already knows: Dr.h.c. 
Franz Josef Strauss has elbows. But his physical 
and mental energy are paired with personal 
charm, political skill and an impressive gift of 
oratory. He knows how to get along with 
people and to win them over to his plans. If 
the American reporter saw in Strauss a possible 
successor to Adenauer, this has not really 
anything to do with the present situation report, 
but does show how much authority the Minister 
has acquired in the two years he has been in 


office. 
* 


To turn to the German Air Force—this now 
comprises the following units: three fighter- 
bomber wings, one transport wing, several 
“weapons schools”’ (as forerunners of new 


, 





“West Germany's Genius with 
Elbows”... Federal Defence Mi- 
nister Franz Josef Strauss. 





General Lothar von Heinemann was 
appointed Chief of the Air Force Com- 
mand Staff in October 1958. 





Situation Report from 


units). Furthermore a network of senior com- 
mand offices designed to manage the defence 
organism and maintain liaison with the NATO 
partners is taking shape; namely two Air Force 
Group Commands (roughly corresponding to 
the old Air Fleet Commands); two of the 
planned Air Defence Divisions (with a few 
cadre units); the Training Command (as central 
command for a number of schools and training 
units). In addition both Army and Navy have 
a number of organic flying units. 

The goal of all concerned with West German 
defence is to complete the first real build-up 
phase by 1961. Here it must, however, be re- 
membered that Strauss inherited from his pre- 
decessor not only many organizational diffi- 
culties, but also a not altogether happy situation 
as regards equipment, including equipment for 
the Air Force. The new Luftwaffe, obliged in 
the early days to feel its way forward into new 
ground with little experience to rely on, at first 
bought aircraft of many different types. In many 
cases choice was dictated by political con- 
siderations, and sometimes—it must be admitted 
—by personal preference or ideas. Of the aircraft 
bought in larger numbers, the French Fouga 
Magister jet trainer, the Canadair Sabre Mk. 6 
(F-86) fighter and the American Republic F-84 
fighter-bomber have given the biggest satisfac- 
tion. But all this, it must be repeated, is equip- 
ment only for the transitional and training 
period. What is to follow ? 
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Lieutenant General Josef Kammbhuber, In- 
spector of the Air Force, a Bavarian with a 
great deal of energy and a measure of stub- 
bornness, succeeded soon after his appointment 
in persuading the Minister that his service 
should be placed in charge of the whole air 
defence of West Germany and hence of the 
West’s front line. This is a gigantic task and 
one which carries a high degree of responsibility. 
The result has been a corresponding integration 
of German air armaments in the NATO frame- 
work, i.e., the tuning of German armament 
planning to that of its allies. This planning has 
been complicated, however, by two requirements 
which Minister and Inspector alike have had to 
take into consideration: on the one hand they 
were naturally under the obligation to purchase 
only fully operational weapons, and among 
these to select the best possible ones for their 
requirements; on the other hand they were 
desirous of supporting Italian and French 
interests wherever possible when it came to 
aircraft procurement, since Strauss had joined 
his two Western colleagues, the defence ministers 
of Italy and France, in December 1957 in a kind 
of arms pool. 


Engineer General 


fence 








Heinrich Sell- 
Fae of the Coblenz Office of De- 
ngineering and Procurement. 


Bonn 


The first decision was to buy 50 Fiat G.9| 
lightweight strike fighters and have another 
150 built under licence by members of the 
southern German group of aircraft manufac- 
turers. The Fiat G.91 was designed to meet 
NATO plans, was declared by the German Air 
Force technical services to be suitable, and the 
contract with Fiat was signed at the end of 
October 1958. German production, scheduled 
to get under way shortly, will also serve in- 
directly to provide the reactivated German 
industry with the necessary manufacturing 
experience and bring it new blood. 


Before the Air Force could decide on an 
up-to-date interceptor, it had to try out more 
than a dozen different types, including France’s 
Dassault Mirage IIJA—a relative late-comer. 
Finally, despite their sympathy for their French 
allies, and despite their desire for the closest 
possible cooperation with the French industry, 
the Germans officially decided, late in October, 
in favour of an American aircraft, the Lockheed 
F-104A. 


By the time these lines appear in print a 
German delegation will be in the United States 
to discuss the details of the contract it is planned 
to conclude. This delegation includes Engineer 
General Sellschopp of the Coblenz “ Bundesamt 
fiir Wehrtechnik und Beschaffung’’ (Federal 
Office for Defence Engineering and Procure- 
ment), Dipl.-Ing. Deunert (from the “ Aircraft 
and Guided Missile”’ sub-section), Lieutenant 
Colonel Dipl.-Ing. Werner and Major Rall (Air 
Force) and other officers and officials from the 
Ministry. And—last but not least—represen- 
tatives from the south German aircraft companies 
scheduled to undertake the licence production. 


an 


Strauss and his men are continuing on their 
road. On the way they will also set a small, 
but modernly equipped German aircraft industry 
on its feet during the next few years. A new 
generation of industrialists and engineers is 
coming into action and will lend a ready ear 
to the wishes of their customer in Bonn. Among 
Air Force officers, too, a younger generation is 
gradually coming to the fore. This is evidenced 
by the promotion, in October 1958, of General 
Lothar von Heinemann (to Chief of the Air 
Force Command Staff) and Johannes Steinhoff 
(Head of the “ Command” sub-section of this 
Staff). Engineers Heinrich Sellschopp and 
Dr. Theodor Benecke are also “ young men’’... 
If, however, the “ ministerial machine ’”’ should 
here and there have difficulty in getting up 
sufficient tempo, then the “ genius”, Franz 
Josef Strauss, will provide the missing dynamism. 


EEH 





Dr. Theodor Benecke, head of the 
Aircraft and Guided Missile Sub-Sec- 
tion, Federal Defence Ministry. 
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Turbojet System 


. nuclear propulsion systems for 
aircraft are considered possible. One system 
that is feasible is the direct-air-cycle turbojet 
powerplant. The General Electric Company, 
under contract to the United States Govern- 
ment, has been working on such a nuclear 
propulsion system. This paper recounts 
significant achievements in this work, the 
operation of a turbojet engine on nuclear 
power for extended periods of time beginning 
in 1956 and the successful utilization of 
associated equipment and facilities. 

Development of an aircraft nuclear pro- 
pulsion system is complex because this type 
of system, to be useful, requires generation 
of large amounts of heat from a nuclear 
reactor of very small volume. This heat 
source must be combined with proper turbo- 
machinery, controls, accessories, and shield- 
ing. The shield, of course, is for protecting 
aircraft components, cargo, passengers, and 
crew from nuclear radiation. All the items 
comprising the powerplant must be provided 
within very stringent weight limitations. The 
schematic illustration shown in Figure / is 
of a reactor, a shield, and a turbojet engine 
in a possible configuration of a nuclear 
powerplant, while Figure 2 shows an experi- 
mental reaction-engine system. 

The components constituting a nuclear 
powerplant were combined in a test assembly 
for a test called Heat Transfer Reactor 
Experiment No. | at the National Reactor 
Testing Station in Idaho. Positive public 


Tests of a Direct Cycle Nuclear 


By D. R. Shoults, General Manager, Aircraft Nuclear Propulsion 


Department, General Electric Company, Cincinnati, Ohio 





Fig. 1: Diagram of a turbojet engine with nuclear “ com- 
bustion chamber”. 


safety during the early tests was insured by 
the remote location of the test area, far 
away from the administration and shop 
areas. 

In the shop area the test assembly was put 
together on a railroad-type flatcar in the 
“hot ” shop shown in Figure 3. The “ hot” 
shop is a room 50 feet wide, 160 feet long, 
and 60 feet high. The concrete walls are 
7 feet thick; its viewing windows are 6 feet 
thick. Radioactive components are maintain- 
ed and disassembled in this room by mecha- 
nical manipulators that are controlled from 
the outside of the concrete walls. The 
manipulators shown can reach anywhere in 
the shop and can lift 500 to 3,000 pounds. 


After assembly, the powerplant was moved 
to the engine test pad 6,000 feet away by a 
shielded locomotive. The shielded locomo- 
tive can be used as a traction unit to move 


Fig. 2 : The HTRE experimental engine No. 1, mounted on a flat car, is moved by a shielded locomotive from the maintenance 
shop to the test pad. 


























powerplants; or, since it is heavily shielded, 
it can be used as a personnel transportation 
vehicle to approach the nuclear operation 
when powerplants with thin shields and high 
external radiation levels are in operation. 

The area in which the test was performed 
is shown in Figure 4. The test assembly was 
coupled to power leads, piping, and instru- 
mentation and control leads that are con- 
nected to the control console, measuring 
devices, and data-processing equipment. The 
building housing the equipment is below 
ground level so that earth can be used as 
shielding. 

Prior to the test, design and analysis studies 
and component tests had indicated feasibility, 
and had shown also that vital performance 
and operational information could be obtain- 
ed only by a complete system test that would 
provide the following basic information: 


|. Integrated performance of the reactor 
and turbojet engine in the powerplant 
system. 

2. Proof that overheating in portions of the 
reactor would not lead to local flow 
starvation and progressive overheating 
and failure. 


3. Determination of what problems might 
exist that were not anticipated. 


4. Demonstration of integrity and life of key 
components of the system. 


5. Development and demonstration of ability 
to carry out extensive remote handling of 
radioactive components. 


6. Control response of the reactor and its 
relationship to turbojet engine control. 


Heat Transfer Reactor 
Experiment No. 1 


A drawing of the test assembly is shown in 
Figure 5. The assembly utilized the direct 
air cycle in which propulsive thrust is provid- 
ed by sending atmospheric air (see the two 
arrows) from the compressor directly through 
the reactor, into the turbine, and out of the 
exhaust nozzle. Tests of the assembly began 
in December 1955 and continued intermit- 
tently until January 1957. 

No control problem existed during startup. 
Operation was stable during the transition 
from chemical to nuclear power. The reactor 
was consistently stable and responsive to 
both manual and automatic control during 
the entire test. 














Full nuclear operation was realized in 
January 1956. In the first 40 hours of testing, 
full nuclear power operation amounted to 
6 hours. Total nuclear heat release amounted 
to 349 megawatt-hours. The reactor was 
then shut down for inspection because of an 
increase in the amount of radioactivity being 
released to the air stream. 


When testing was resumed, the system 
operated 188 hours on combined nuclear- 
chemical energy. During this time 92 percent 
full nuclear power was attained. The total 
nuclear heat release was 2,064 megawatt- 
hours. Upon completion of this operating 
phase, the reactor was recharged with a set 
of new fuel elements. It was at this time that 
the remote-handling equipment of the “ hot ” 
shop (Figure 3) was demonstrated. Fuel 
elements from the reactor core, turbojet 
engines from the Core Test Facility, and “hot” 
parts from the turbojet engines were removed 
remotely. All other disassembly operations 
were performed by a combination of manual 
and remote handling. Components such as 
the blower hood assembly, which covers 
the control rods, were taken apart; instrumen- 
tation wiring was removed; and all of the 
moderator valves were closed. An impact 
tool was used to remove bolts holding the 
reactor plug assembly. After the exterior 
piping was removed, the reactor core was 
withdrawn from the test assembly and 
inspected. Modifications were made; the 
powerplant was reassembled; and the shield- 
ed locomotive moved the assembly back to 
the test facility. 


The Heat Transfer Reactor Experiment was 
concluded successfully at predicted tempera- 
tures during the period from September 1956 
through January 1957. Total combined 
operating time was 258 hours. In this testing 
the reactor was operated for its scheduled 
100 hours on full nuclear power without 
failure and without significant leakage of 
radioactive material into the air stream. 
When 100 hours of full nuclear operation 
were accumulated, reactor temperature was 


Fig. 4: Plan (top) and elevation of the test area. 
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Fig. 3: Inside the “ hot shop”, the maintenance and assembly shop at the National Reactor Testing Station, in Idaho. 


Note the remote-operated manipulators. 


increased and operation continued. The 
additional operating period lasted for a total 
of 44 hours under nuclear power. 

The test was terminated when incipient 
damage to fuel elements was detected. The 
damage had no effect on reactor operation; 
the reactor was stable and responded readily 
to automatic and manual control. A small 
amount of radioactivity was released to the 
air stream, but monitoring of the operation 
by health physicists throughout the testing 
precluded the existence of a hazard. 

In the course of the tests, hundreds of 
measurements were made each hour. An 
automatic system was used to record the 
data just as they were produced. The data 
readings were printed on tabulator cards 
and then converted to meaningful values in 
a computer. 


General description, Heat Transfer 
Reactor Experiment powerplant 


The HTRE powerplant consists of an air- 
cooled, metallic-fuel-element, water-moder- 
ator reactor operating a single, modified J47 


turbojet engine (a second turbojet is provided 
as a stand-by. - Ed.). Figure 2 is a photograph 
of the reactor-engine system on its way from 
the shop area to the nuclear operation area. 
Much of the apparatus that is shown in this 
photograph was provided for developmental 
convenience and will not be used in an 
aircraft design. For example, the engine is 
located at a distance of several feet from a 
thick shield in the test assembly. In an actual 
aircraft installation design, the shield is 
much smaller and the engine would be coupled 
closely to the reactor-shield assembly (see 
Figure 1). The assembly shown in the 
photograph is flexible; that is, various 
nuclear reactors can be tested in the same 
shield, and the same turbojet engines can be 
used. The assembly, therefore, is called the 
Core Test Facility. The core, shield plug, 
control actuators, source rod, startup fission 
chambers, and operating ionization chambers 
are combined into an integral unit before 
insertion into the shield. 

As shown in Figure 5, the air enters the 
turbojet engine, where it is compressed to 
five times the intake pressure. From there 


Fig. 5 : Schematic diagram of the experimental assembly. Components include the nuclear 
reactor with its air feed system, the modified J47 turbojet engine complete with exhaust 
pipe, and the chemical combustor. 
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it is collected in a scroll and ducted to a 
manifold on top of the shield tank. The air 
passes through the shield in a number of 
parallel ducts and enters the air plenum 
chamber above the reactor. Next it passes 
through the reactor, is heated, and enters 
a plenum chamber at the reactor exit. From 
this plenum chamber the air returns—via 
the “chemical combustor ’—to the engine, 
turns the turbine that drives the engine 
compressor, and then travels through the 
exhaust-handling system. 

The engine can, therefore, be operated on 
nuclear or chemical fuel, or a combination 
of both. The chemical fuel is burned in an 
external burner can, since the space normally 
occupied by burner cans in the engine is 
occupied by the air scrolls used in ducting 
the air to the reactor. When the engine is 
operating on chemical fuel, the compressor 
air can pass through either the reactor or a 
bypass duct. When operating on chemical 
fuel only, the engine is controlled by regulat- 
ing the turbine exhaust temperature. 

The reactor power is controlled by the 
insertion or withdrawal of poison rods. The 
neutron flux level in the top shield plug is 
used as a measure of reactor power. The 





powerplant is started on chemical fuel alone, 
with compressor air passing through the 
cold reactor. As the reactor power is increas- 
ed, the chemical fuel flow is decreased. When 
the nuclear power is sufficient for self- 
sustaining operation, the chemical fuel is 
shut off completely. Engine speed is held 
constant throughout. Further increases in 
reactor power will cause an increase in 
exhaust temperature. Temperature limiters 
cause scram if the reactor operator allows an 
excessive temperature increase. 

The reactor is air-cooled, and has metallic 
fuel elements and a water moderator. The 
reactor core structure is aluminium and 
consists of a cylindrical water vessel penetrat- 
ed by air tubes. Each of the air tubes contains 
a fuel cartridge. The air tubes are lined 
with a thin layer of thermal insulation to 
reduce escape of the fuel element heat into 
the water moderator. The shield plug 
structure and the heavy gamma ray shielding 
are stainless steel. Moderator water is used 
for neutron shielding in the shield plug. 


Thermodynamic characteristics 


While a nuclear reactor can in principle 
deliver an unlimited amount of power, the 








practical limit on the power that can be 
extracted from a reactor of given size is 
imposed by the ability of the system to 
transfer the heat to the coolant. Heat transfer 
is limited by the maximum temperature 
differences that can be maintained between 
the fuel elements and the air coolant. Since, 
in the air cycle, pressure losses also impose 
a limitation on performance, it is desirable 
to keep the fuel element area to a minimum. 
The optimum configuration is thus one in 
which the fuel elements are all operated at 
the maximum possible uniform temperature. 


The tests carried out on the Heat Transfer 
Reactor Experiment No. | were of great 
significance in meeting the objective of 
developing a useful aircraft nuclear propul- 
sion system. For the first time all of the 
components of such a system were assembled 
and operated. The tests proved the operabi- 
lity of the system and the predictability of 
performance. Not the least important were 
the techniques and equipment developed to 
assemble, maintain, and inspect highly radio- 
active powerplant components by use of 
remotely operated equipment. 





Flugbild Europas. — By Emil Egli (picture captions by 
E. Egli and Peter Meyer); with an introduction by 
Salvador de Madariaga. — Edited by Hans Richard 
Miiller. — Artemis Verlag, Zurich, 1958 (German; 
208 pages; 184 photographs, 11 in full colour; price 
39 Swiss francs, cloth-bound). 


It is frequently argued that the aircraft “ excessively ” 
shortens travel time and robs contemporary travellers 
of the rewarding experience of observing the inter- 
relationships of countryside and architecture. The 
exponents of this view overlook the fact that the aircraft 
replaces the horizontal perspective with the vertical. 
The air traveller—when not too occupied with more 
mundane affairs—experiences the sentiment of detach- 
ment which was formerly the exclusive province of the 
mountaineer. 

An even more telling impression is made in this respect 
by the good air photograph. And the photographs in 
Egli’s handsome collection are not only good and 
beautiful, but exciting as well. Even the most seasoned 
air traveller cannot escape their magic. St. Mark’s 
Square, Avignon, Florence Cathedral, Brabant, St. Paul’s 
Cathedral, the castles of the Loire ... few architects or 
landscape gardeners of past ages will have expected 
that human eyes would ever see their creations from 
above. Happily these creations stand the test. 

The pictures, each with an instructive caption, have 
been arranged not according to geographical or political 
considerations, but according to subjects: landscapes, 
mountains and plains, sea coasts and rivers, architecture 
and residential buildings, industrial and communications 
centres. 

Egli, de Madariaga—who wrote the introduction— 
and the Artemis publishing house deserve the full thanks 
of all Europeans who see no reason to be ashamed of 
their “ small” continent. 

It should also be noted that the colour photographs 
(St. Mark’s Square, Notre-Dame, Heligoland, etc.) are 
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gratifyingly natural in appearance and greatly enhance 
the value of this outstanding volume. Definitely a book 
to buy, and well worth the price. He. 





Nuclear Rocket Propulsion. — By R. W. Bussard and 
R. D. DeLauer. — McGraw-Hill Book Company, 
Inc., New York-Toronto-London, 1958 (English, 370 
pages, price 75 shillings). 


This thorough, richly documented work on the 
probiems of nuclear rockets—i.e., engines for aircraft 
and space vehicles which use the heat given off by nuclear 
reactors to raise the temperature of the propellant gas 
(hydrogen, ammoniac, etc.)—is the first in a new series 
planned by McGraw-Hill, to bear the forward-looking 
title of “Series in Missile and Space Technology ”. 
The two co-authors are both experts from the Los Alamos 
Scientific Laboratory, University of California. R. W. 
Bussard, who holds an M. S. degree, is an expert in 
propulsion questions and the construction of lightweight 
nuclear reactors, while R. D. DeLauer (Ph.D.) has 
made his name primarily as an aerodynamicist. 

The book is divided into nine chapters and an appendix. 
Its object is to bring together the viewpoints of the reactor 
physicist and the rocket engineer. A particularly interest- 
ing chapter in this respect is that entitled “ Systems 
Analysis ”, which shows how the optimum design for 
the main components of a missile project for a clearly 
defined role can be arrived at on the basis of reasonable 
initial assumptions. For example, a high combustion 
chamber pressure is always more favourable for exhaust 
velocity and thrust than a low pressure .. . but it requires 
heavier propellant pumps and can therefore not be 
raised above certain limit values without causing a fall 
in overall performance. Similar considerations apply 
to the choice of propellants, the diameter of the tanks, 
the initial velocity .. . and hundreds of other things. 

Since physicists have already accepted the cgs system 
of units, while American rocket engineers still cling to 
their familiar English units—particularly psi, BTU, 


degrees Fahrenheit and Rankine (degrees Fahrenheit 
+ 459.7)—any writer wishing to cover the two fields 
finds himself confronted by a confusion of symbols and 
measures. The present two authors have resigned 
themselves to this state of affairs and use the units and 
symbols commonly accepted in the branch under discus- 
sion, adding a table of conversion factors in the appendix. 
Nevertheless the book will be found of undeniable value 
by experts of other languages and systems of measures, 
and will thus become one of the standard works on 
missile and space vehicle technology. Ri. 


Grenzschichtforschung—Boundary Layer Research. — 
Edited by Professor H. Gértler. — Springer-Verlag, 
Berlin-Gottingen-Heidelberg, 1958 (German-English; 
XII + 411 pages; 206 illustrations; price DM 67.50). 


Collecting in a single volume all the lectures and major 
contributions to the discussions of a conference organized 
by the International Union of Theoretical and Applied 
Mechanics in Freiburg im Breisgau (August 26th to 
29th, 1957), this book deals with a large number of 
burning problems in boundary layer research and is 
thus a real mine of information for aerodynamicists and 
thermodynamicists. The collection covers 34 main 
lectures and a large number of smaller contributions. 
The actual conference was attended by some hundred 
prominent scientists from 17 countries (West, East and 
neutral centre), and the scientific committee was com- 
posed of H. K. Dryden (Washington, D.C.), H. Gértler 
(Freiburg im Breisgau), L. Howarth (Bristol), M. Roy 
(Paris) and R. Timman (Delft). Ri. 


Aircraft Engines of the World 1958/59. — By Paul H. 
Wilkinson. — Published by Paul H. Wilkinson, 
Washington, D.C., 1958 (English; 320 pages; 202 illus- 
trations; price $15.00). 

This annual reference book on aircraft engines, the 


most complete of its type, has been repeatedly reviewed 
in Interavia (see No. 1, 1958, page 76). The new edi- 
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tion’s presentation reaches the usual high standard, its 
volume remains unchanged, although the contents have 
been supplemented and brought up to date. In particular 
the sections on nuclear aircraft engines and Russian 
engines have been expanded, while engine production 
in West and East Germany has been included for the 
first time. Special features of this book are the careful 
attention given to each engine and the systematic pre- 
sentation of data. Needless to say, this instructive work 
is a definite must for every aviation library. Ba. 


Electricity in Aircraft. — By F. G. Spreadbury. — 
Constable and Company Ltd., London, 1958 (English; 
342 pages; price 40 shillings). 


This book contains all that electrical engineers or 
technicians and those engaged in the maintenance of 
electrical aircraft equipment need to know: direct 
current generation in aircraft; generation of alternating 
and rectified alternating current; rotary converters and 
inverters; aircraft storage batteries; switchgear and 
cables; motors and their applications; general utilization 
equipment in aircraft (lighting, de-icing, fire detection, 
etc.); testing and test equipment. Main attention is 
given to electrical equipment which has come into use 
since 1945, and older systems are dealt with only briefly. 
As electrical ignition has been of decreasing importance 
since the advent of the gas turbine, and as the author 
has already dealt fully with this subject in an earlier 
work (“ Electrical Ignition Equipment”), he restricts 
himself in the present book to a description of ignition 
systems involved in the starting of turbines. The detailed 
and excellent interpretation of the subject makes this 
both a useful and recommendable manual and reference 
book. Na. 


La Cartographie par Photogrammétrie Aérienne. — By 
L. Hurault. Published by the Institut du Transport 
Aérien (ITA), Paris, 1958 (French, 86 pages, numerous 
illustrations and maps, some in colour). 


As is customary with the publications of the Paris 
Institut du Transport Aérien, the present study by the 
Honorary Director of the French National Geographic 
Institute is prepared with the utmost care. Good photo- 
graphic and map material serve as graphic illustration for 
the subject matter. The brochure opens with an account 
of the present position as regards aerial survey and 
shows how much work still remains to be done through- 
out the world. Next comes a detailed explanation of 
the technical methods employed and the difficulties 
encountered in taking and interpreting aerial photo- 
graphs. Although the author bases most of his remarks 
on French material, he provides a wealth of information 
for all who are interested in the techniques of aerial 
photography. He. 


Umfang und Struktur des internationalen Personenluft- 
verkehrs der Bundesrepublik Deutschland. By Dr. 
Eckart Kriiger. — Edited and published by the 
Deutsche Institut fiir Luftverkehrsstatistik e.V., 
Frankfurt/Main, 1958 (German; 49 pages, 24 tables 
and graphs; DM 4.00, obtainable direct from the 
Institute). 


The fact that the annual number of international 
passengers in the Federal Republic (without transit) 
rose from 350,330 in 1952 to 1,382,577 in 1957, stresses 
ihe importance of a thorough traffic diagnosis for the 
planning of the airlines concerned and of Germany’s 
ground organization. The present study by the German 
Institute for Air Transport Statistics (which in earlier 
publications dealt with air freight traffic) is a valuable 
help in understanding the development stages in Ger- 
many’s passenger traffic (seasonal fluctuations, passenger 
volume breakdown by countries, passenger statistics of 
various airports, etc.). He. 


Handbuch der Flieger. — By Lieutenant Colonel Fritz- 
herbert Dietrich, — E.S. Mittler and Sohn, Berlin 
and Frankfurt a.M., 1958 (German, 331 pages, more 
than 300 illustrations, price DM 21.50 cloth-bound). 


When a book bears the copyright of the well-known 
firm of military publishers, Mittler and Sohn, and is 
sent on its way with a warmly-worded introduction by 
Lieutenant General Kammhuber, no author can ask for 
better recommendations. Perhaps a more accurate 
idea of the book would have been given had the title read 
“Handbook for Military Flyers” rather than simply 
“ Handbook for Flyers ”, as this popular science work is 
addressed primarily to air force members and those 
interested in taking up this career. He. 


Keysers Taschenatlas der Luftfahrt. — Edited by H.-R. 
Fischer. Prepared by K.-H. Meine and H. Schaub. — 
Keysersche Verlagsbuchhandlung, Heidelberg and 
Munich, 1958 (German; 96 pages; 26 photos, 48 maps). 
A brief, easily comprehensible introduction to global 

air traffic, written for air passengers who do not only 
wish to take their seats, fasten their seat belts and take 
the food tray from the stewardess, but would like to 
become familiar with the fundamentals of air navigation, 
ground organization, meteorology, etc. An interesting 
reference book for the amateur. He. 


Airship, Aeroplane, Aircraft. Studies in the History of 
Terms for Aircraft in English. — By Svante Stubelius. 
— No. VII in the series Gothenburg Studies in English 
(Editor, Professor Frank Behre), distributed by 
Almgqvist & Wiksell, Stockholm, 1958 (English; 342 
pages; price Sw. Kr. 25). 

The Gothenburg Studies in English are published by 
the English Department of the University of Goteborg, 
Sweden, and include theses and other studies by members 
of the University. The present volume presents the 
results of an incredibly painstaking investigation of the 
many different words used to describe aircraft since the 
first printed references to specific projects around 1600 
A.D. The author carried out the major part of his 
research at the Library of the Royal Aeronautical 
Society, London, the Institute of the Aeronautical 
Sciences, New York, and the Musée de I|’Air, Paris, and 
has presented his findings, richly illustrated with quota- 
tions from period texts, on a highly systematic basis. 
Examples are the sections on the word “ airship ” (which 
has been variously used to designate not only the diri- 
gible but also as a generic term for all types of air- 
supported vehicles), on “ aeroplane ” and other combi- 
nations of the word “ plane” (originally used in the 
sense of “flat surface”), etc. In the course of his investi- 
gations he has unearthed many strange-sounding terms 
which have long disappeared from use and discovered 
many different usages of words whose meaning is now 
clearly established. Though not a book for the general 
reader, it will certainly be found of use to students of 
early texts on flying. St. 


Books received 


Reports of the Deutsche Versuchsanstalt fiir Luftfahrt 
e.V.; published by the Zentrale fiir Wissenschaftliches 
Berichtswesen der DVL, Miilheim, Ruhr; Westdeutscher 
Verlag, Cologne and Opladen, 1957/58: 

Report No. 27: Die Messung der Reflexionseigen- 
schaften kiinstlicher und natiirlicher Materialen mit 
quasi-optischen Methoden bei Mikrowellen, by Dr.-Ing. 
Karlheinz Brocks (price DM 20.25). 

Report No. 34: Zahlentafeln universeller Funktionen 
zur neuen Reihe fiir die Berechnung laminarer Grenz- 
schichten, by H. Goértler (price DM 22.30). 

Report No. 39: Zur Aerodynamik des Ringfliigels — 
II. Die Ruderwirkung, by J. Weissinger (price DM 7.10). 

Report No. 42: Zur Aerodynamik des Ringfliigels — 
III. Der Einfluss der Profildicke, by J. Weissinger (price 
DM 11.10). 

Report No. 44: Versuche an einem fertigungsgiins- 
tigen Mehrstossdiffusor bei Uberschallgeschwindigkeit, 
by W. Trommsdorff (price DM 13.80). 

Report No. 47: Strenge Lésungen der Navier-Stokes- 
Gleichung fiir rotationssymmetrische Strémungen, by 
Karlheinz Miiller (price DM 14.85). 


Report No. 49: Der Druckwiedergewinn bei Geschos- 
sen mit Riickstossantrieb bei hohen Uberschallgeschwin- 
digkeiten, by K. Oswatitsch (price DM 13.10). 


Report No. 50: Fliigel kleiner Streckung mit kleiner 
Dicke bei Nullauftrieb in Unter- und Uberschallstré- 
mung, by F. Keune (price DM 17.00). 


Report No. 51: Der senkrechte Verdichtungsstoss am 
gekriimmten Profil, by J. Zierep (price DM 10.00). 


Report No. 52: Entwicklung einiger Messverfahren 
und einer frequenz- und amplituden-stabilisierten Mess- 
einrichtung zur gleichzeitigen Bestimmung der kom- 
plexen Dielektrizitaéts- und Permeabilitaétskonstante von 
festen und fliissigen Materialen im rechteckigen Hohlleiter 
und im freien Raum bei Frequenzen von 9200 und 33 000 
MHz, by K. Eberts (price DM 30.30). 


Report No. 53: Ein Gerat zur fortlaufenden elek- 
trischen Impulsfrequenzanalyse und -integration, by 
H. Briiner and K. Dietmann (price DM 5.70). 


Report No. 54: Elektrische Messverfahren in der Geo- 
dasie, by J. Lorentz and K. Brocks (price DM 28.00). 


Report No. 55: Untersuchungen zur Stabilitat nicht- 
linearer erzwungener Schwingungen von einem Frei- 
heitsgrad, by G. Helke (price DM 6.90). 


Report No. 59: Symposium iiber Fliegertauglichkeits- 
fragen am 29. und 30. Oktober 1956 in Bad Godesberg 
(price DM 22.70). 


Report No. 60: Zur Praxis der Fliegertauglichkeits- 
untersuchung — I. Mitteilung: Der Sauerstoffmangel als 
Belastungsuntersuchung zur Ermittlung des Summen- 
wertes der Leistungsreserve, by H. Briiner and K. 
Dietmann (price DM 7.10). 


Reports issued by the Department of Aerodynamics, 
Federal Institute of Technology, Zurich; edited by 
Prof. Dr. J. Ackeret: No. 23: An Analysis of the Error 
Involved in Unrolling the Flow Field in Turbine Pro- 
blems, Verlag Leemann, Zurich 1957, by Vernon J. 
Rossow (English; price Fr. 16.60). 


Reports published by the Forschungsinstitut fiir Physik 
der Strahlantriebe e.V. ; (heads: Dr. Ing. E. Sanger — 
Dr. I. Sanger-Bredt, Stuttgart): No. 11: Ergebnisse von 
Priifstandsversuchen mit Heisswasser-Modellraketen, by 
E. Schafer and W. Micheley, Verlag Flugtechnik, Ernst 
von Olnhausen, Stuttgart 1957. 


Research reports issued by the North-Rhine-Westphalia 
Ministry of Economics and Transport ; edited by Under 
Secretary Prof. Leo Brandt: No. 422: Priifstande zur 
Messung der Druckverteilung an rotierenden Schaufeln, 
by Prof. Dr.-Ing. Karl Leist and Dipl.-Ing. Wilhelm 
Dettmering, Westdeutscher Verlag Cologne and Opladen 
(price DM 25.80). 


Wissenschaftliche Ergebnisse der Deutschen Atlantischen 
Expedition auf dem Forschungs- und Vermessungsschiff 
“Meteor” 1925-1927; published for the Deutsche For- 
schungsgemeinschaft by A. Defant; Volume XVI— 
Part I: Die Héhenwinde iiber dem tropischen und siid- 
lichen Atlantischen Ozean. Section A: Allgemeine sta- 
tistische Bearbeitung der Héhenwindmessungen, by 
Erich Kuhlbrodt, Walter de Gruyter & Co., Berlin 1958. 
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Fuller aircraft finishes fly on planes of most of the world’s major air lines... 
and are used by most of the free world’s major aircraft manufacturers. 





For over 30 years we have worked closely with the aircraft industry, 
helping to establish skills and techniques that have made us the world’s 
leading manufacturer of aircraft finishes. : 


Bring us your problems. We will be happy to work with you to develop & r U L L ~ re 


finishes to meet your individual needs. Let us help you set up finishing 
schedules. AIRCRAFT FINISHES 


Wherever you are —whatever your finishing requirements may be— 
there’s a Fuller representative to work with you. And behind every 
representative stands W. P. Fuller & Co.—the world’s leading producer 
of aircraft finishes. 





Executive Offices: San Francisco, California, U.S.A. 
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Smooth Flying 
Worldwide } 


Wherever you are when you begin 

your trip by Swissair — in Europe, in 
North or South America, or the 

Near or Far East — you'll find something 
different in your flight : 

Swissair’s up-to-date aircraft fly with 
extraordinary smoothness even in 

bad weather. The RCA airborne radar, 
standard equipment on all Swissair 
long and medium range planes, 
enables your pilot to “ see’ weather 
fronts up to 150 miles ahead. Thus, 
without losing time, he can fly around 
them — or avoid the turbulent 

zones while flying through them. 





















You get these extras too: 

Worldwide routes : Europe — South 
America — USA — Near and Far East 
Delicious meals — from Swissair’s 
world-famous chefs — included 

in your ticket 

Abundant stopover privileges on long- 
distance flights, without extra charge. 
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Direct wireless connections with all parts of the world 


Telegrams « Via Radiosuisse » may be handed in at any 


Swiss telegraph office 
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KLM—Royal Dutch Airlines—is the latest international airline 
to order Edo Loran. 

The new Edo long-range navigation system, already thoroughly 
flight tested, will be installed as original equipment as KLM takes 
delivery of the Douglas DC-8 jet transports it has on order. 

Following extensive operational appraisal across both the Atlantic 
and Pacific Oceans, Edo’s pilot-operated Loran has also been 
selected by Pan American, BOAC, Qantas, Air France, Sabena, 
Cubana, Lufthansa and Varig Airlines for their jet and turboprop 
fleets. Other international carriers are currently evaluating the 
equipment. 

Airline pilots and technicians alike endorse Edo Loran for speed 
and ease of operation, accuracy, and reliability in service. Precise 
fixes are obtained by the pilot in a matter of seconds from the direct- 
reading cockpit display. Weight of entire unit is only 29 pounds. 
Design and performance of the new Edo Loran, plus the acknow- 
ledged reliability of the Loran System, make this the logical choice 
as basic long-range navigation equipment for modern airliners. 


For illustrated brochure, write Dept. X-12 
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Anywhere, that is, where there’s a 
100 yards or so of anything like 
level ground, the Twin Pioneer 
lands comfortably on that, and 
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Twin Pioneer is opening up some 
of the most difficult territories in 
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The wrong end 
of a telescope 


EVERYTHING seems terribly 
faraway, doesn’t it? For instance, 
can one be quite sure that the 
Taj Mahal is real and not just a 
legend? Haven't you a sneaking 
suspicion that India couldn't 
possibly be four times as big 

as Texas? And what about the 
population—360 millions sounds 
like a lot of people. Well, 
seeing is believing... but not 
through the wrong end of a 
telescope ! Fly with us to a land 
that’s so different from anything 
you've ever seen. A choice of 
seven flights a week from 
Europe... magnificent Super 
Constellation speed and luxury. 
Every First Class seat a 
Slumberette. 
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THROUGHOUT THE WORLD - THROUGHOUT THE YEARS! 





A Proud History of Pioneering 


1919 - KLM is founded at The Hague, Holland, - 
the o/dest air company in the world is still flying 
under the same flag. 


Bu S| KLM inaugurates the Amsterdam-London 
flight which is the o/dest air route in the 


world still being flown by the same carrier. 


KLM opens the first air traffic booking 
office in the world. 


KLM is the first to make use of radial 
air-cooled engines and all-metal propellers. 


1927 - KLM makes the world’s first intercontinental 
charter flights. 


KLM opens the /ongest air route of that 
time: Amsterdam-Jacarta. 


lads AEF Pe KLM, as the first airline outside the U.S.A., 
introduces all-metal Douglas DC-2 and wins 
the London-Melbourne Air Race. Two years later KLM 
is the first European company to buy the DC-3. 


1943 - KLM, as first non-U.S.A. carrier, orders 
the Lockheed Constellation. 


KLM, though heavily shattered by the war, 
is the first European airline to open a 
post-war North Atlantic service. 


1948 - KLM is the first European airline to buy 
the Convair Liner. 


1950 - KLM is the first European airline to be 





specially authorized by the U.S. Government to 
overhaul aircraft of U.S. air companies. 


oss KLM is the world’s first airline to operate 


the turbocompounded Lockheed Super Constellation. 


Additional services from Bombay 








TOKYO — Three times a week 
NAIROBI — Twice a week 
SINGAPORE — Twice a week 
DJAKARTA — Twice a week 


— ~~ eae 1956 - KLM is the first carrier outside the U.S.A. 
to order the jet-engined Douglas DC-8 and the 
turboprop Lockheed Electra. 
KLM is the first air carrier outside the United 
Kingdom to fly the new Vickers Viscount 800. 
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SERVICES LINKING 
4 CONTINENTS 





LINEAS AEREAS ESPANOLAS 


SFENA | MATEO owe, 


SOCIETE FRANCAISE D'EQUIPEMENTS POUR LA NAVIGATION AERIENNE 

















EQUIPMENTS DEPARTMENT 


Automatic pilots ; 
Horizons 

Directional gyros and 
rate gyros 

Magnetic compasses 
Servo mechanisms 
Magnetic amplifiers 


ELECTRONIC DEPARTMENT 


Ranging and guidance 
for aircraft and missiles 
Telecommand and Telemetering 









WITH REVOLUTIONARY ALL-NEW TRANSISTORIZED 
POWER SUPPLY 


* 90-360 channel transmitter (50 kc spacing; 118-135.95 mc) 
* 90-560 channel receiver (108-135.95 mc) 


* Permits crystal-controlled tuning to VOR/LOC frequencies and 
simultaneous glide slope channeling. 


* Permits SCS, DCS or completely flexible cross channel tuning. 


* New transistorized power supply saves space and 4 pounds 
weight. 


* CAA TSO’d for scheduled airline use. 
* 22 pounds total weight, 14 ATR. 


For full information write or cable: 


Vln Buen AIRCRAFT SUPPLIES, 


Teterboro, N. J., U.S.A. Cable VANDUSAIR 
NARCO world-wide Distributors 








25.4 29, Rue du Pont, NEUILLY (Seine) - Tél. MAlllot 49-35 et la suite 








AIRCRAFT p ENGINES 


OIL OR GAS-FIRED 
HEATING EQUIPMENT 


ETABLISSEMENTS 


HENRY POTEZ 


KLEber 27-83 46, avenue Kléber, Paris (16e) POTEZAERO-PARIS 
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Rocket engines 


SOLID-PROPELLANT 
LIQUID-PROPELLANT 










of all powers 


Our rocket engines 
are used in, for example : 
— THE MIRAGE 
— THE TRIDENT 
— THE Sud-Aviation 





Matra 
MISSILE 
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SOCIETE D'ETUDE = 
DE LA PROPULSION PAR REACTION 


1, voie des Sables - Villejuif (Seine) 











Polish aircraft and helicopters 


Products WY m 4 Polskie 
> 


of the Polish Aircraft \ Zaklady 


Factories We Lotnicze 


(@) PZL-102 KOS Modern, lightweight, two-seat aircraft for sports 
and touring, with 65 hp engine, metal construction. 





(2) PZL-1o1 Agricultural aircraft for pulverizing and spraying 
chemicals with 1,100-lb. container capacity. 


(3) SM-1 Helicopter, 4-seat. Rate of climb record to 3,000 m 
in 6 mins 45 sec. Altitude record 6,394 m. 





(@) BIES-TS-8 — Elementary and advanced trainer, two international 
records. 


(8) JAK-12M Multi-purpose aircraft, 4-seat. 


Sole exporters : © Airborne instruments. 


OKO I DO 


Foreign Trade Office 





Representatives abroad : 

SWITZERLAND : Palma, Case Mont-Blanc 88, Geneva 1 
DENMARK : Nielsen, Virum, Uglevangen 5 

Warsaw, Przemyslowa 26, Poland FINLAND : OY Mediator, Helsinki, Mikonkatu 9 

Post Box 365, Telegrams : SPAIN : I. Palacios, Burgos, Merced 5 

MOTOIM WARSZAWA PORTUGAL : Macontil, Lisbon, Rua Vieira da Silva 46 
WEST GERMANY : Frohn Sohn, Remscheid 
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LIKE ALL THE MOST ADVANCED 
FRENCH AIRCRAFT 








THE TAON 


IS EQUIPPED WITH 
THE LIGHT 
TWO-FREQUENCY 
RADIO COMPASS 


N.R.A. N.8 RADIO COMPASS gystithiiy 


Class : 33 Ib. S Z 
Band : 150 to 2,000 kc/s anit 2. 
Sensitivity : <5 pV = = 
Range : 120 miles = — 
On marker 40 W fm = 


Av. Marcel Ramolfo-Garnier, MASSY (5S. et 0.) 
17, Av. des Alliés, PALAISEAU (S. et 0.) 





wz 

TEL. : 928-1090 - 2 
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Capt'n SHARP say's: “Here is 
what you have been waiting for 
fellows. The new JEPPESEN 
AIRWAY MANUAL for the 
U.K., EUROPE and the NEAR 
EAST. It helps make your IFR 
navigation o breeze . 


Join the thousands of Airline, 
business, and Military Pilots 
who depend on JEPPESEN 
AIRWAY MANUAL for complete, 
up-to-date, IFR Flight Data. 


Each Manual includes: 





JEPCO folding avigation (enroute) charts. Easiest 
to use in the COCKPIT. 


» Easy to read terminal area charts for congested 


areas. 


Easy to follow approach (let-down) charts. Detailed 
airport drawings, air traffic control data, entry 
requirements, master planning chart and other 
useful information. 


Write for free folder 1C with sample charts. Dealer 
enquiries invited! 


= mprresen &co GmbH 


Frankfurt Main +» Kaiserstr.72-Germany 





For your flight manual requirements and the Jeppesen R-2 Computer 








SOLUTRICINE PASTILLES 


LABORATOIRE ROGER BELLON 


NEUILLY ° PARIS . FRANCE 











| MATRA 


SPECIAL MISSILES 
ROCKET LAUNCHERS 
AUTOMATIC PILOTS 


27, Quai de Boulogne BOULOGNE S/SEINE MOLitor: 60.10 


























SABENA, Belgium’s 
great airline, 
serving 104 cities 
in 39 countries, 
has for many years 
sought to reduce 
comer: Wm eobbebboellloommael-Mmateel= 
lost to passengers 
on the ground. 
Speed is one of 
the principal advantages 
of air travel. ; 
To ensure that time 
gained in the air 
is not lost by delays 
between the airport 
and the city SABENA 
Jot: tome) 24-0 00VAz16 mB Cede 
its passengers 
in Brussels 








THE WORLD'S 
FIRST RAIL 
CONNECTION 
BETWEEN 
CITY CENTRE 
AND AIRPORT 












Within a quarter of 
an hour an electric 
train transports you 
from the Air 
Terminus, located 
in the centre 

SABENA of the city, to 

the Airport 
at Melsbroek. 





BELGIAN Wold AIRLINES 


In the field of air transport, SABENA 
is synonymous with comfort, speed and efficiency 
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AIRCRAFT TYRES 
DE-ICING 


All rubber products for aviation 
Cellular plastics 


SYMBOLE DE QUALITE 


SYMBOL OF QUALITY 








@ from the crash of a bird to a shell 





e@ from zero speed to Mach 2 


from —56° to + 160° C 


GLACE TRIPLEX - LONGJUMEAU 
RAE ERNRRR Se smage Ip IERIE m mE 
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Aerfer, Pomigliano d'Arco ....... 
Aero Design & Engineering Co., Okla- 
I 5 6. eR 
AGA, Svenska AB., Gasaccumulator, 
0 Ee ee ee eee 
Aircraft Radio Corporation, Boonton 
a A a re 
Air-India International, Bombay... . . 
PE. cs Garand eee 
Allison Engine Division, Indianapolis 
Avie tt, Coventy 2.4... 0.28 82% 
Arenco Aktiebolag, Vallingby...... 
Atlas Copco AB., Stockholm ...... 
Avco Manufacturing Corp., Stratford 
Avro Aircraft Ltd., Malton ....... 


Beckman Instruments G.m.b.H., Munich . 
Bell Helicopter Corp., Fort Worth 

Bendix International, New York . . 1276, 
Boeing Airplane Co., Seattle ...... 
Borgs Fabriks AB., NorrkOping ..... 
Breguet, Avions Louis, Paris ...... 
Bristol Aeroplane Co. Ltd., Bristol 

British Petroleum Co. Ltd., London 


Canadair Limited, Montreal ....... 

Contraves Italiana S.p.A., Rome 

Convair, San Diego .... 2s esa 

Costruzioni Aeronautiche Giovanni 
Agusta, Cascina Costa (Gallarate) 

CRE ks kk ew whe Oe So 


Decca Navigator Co. Ltd., London 
Decca Radar Ltd.,London ....... 
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Just Published 


A Short Guide 
to Radio Navigation 


and 
Air Traffic Control 


English, French, German and Spanish 
(1958 Edition) 


Available in three editions with m 
text in either English, French or Ger- 
man. 24 pages ; 31 diagrams ; 2 tables ; 
glossary of English/American abbrevia- 
tions; 9%" x 634"'; Price US $0.80 
or Sterling £0. 4s. 6d, postage extra. 
A four-language key to the art of Air 
Navigation and Air Traffic Control. 


PUBLISHED BY: 
INTERAVIA . GENEVA 11 
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AERODYNAMIQUE 


Themes choisis a la lumiére 
de leur développement historique 


by Théodore von Karman 
Chairman, Advisory Group for Aeronautical Research 
and Development, N.A.T.O., 
Former Director, Guggenheim Aeronautics 
Laboratory, 
California Institute of Technology 


Translated by Rolland A. Willaume 


Director, International Exchange Program, 
A.G.A.R.D. 


226 pages, 72 ill. and 4 plates 


° Cloth bound 22.50 Swiss Francs 


Also available : 
German and Spanish editions of this book 


ORDER FROM YOUR BOOKSELLER OR FROM OUR 
REPRESENTATIVE IN YOUR COUNTRY. 


Interavia « Geneva 11_+- Switzerland 








Paper : Papierfabrik Biberist e Cover, four-colour printing and photogravure : Fabag Druck Zurich e Letterpress printing : Imprimerie de la Tribune de Genéve 


Printed in Switzerland 





























Dependability, reliability and economy, short take-off and 
landing distances, highest comfort and convenience with 
a cruising speed of over 500 m.p.h. 


These are just some of the advantages of the 


TYPE 152 


a product of the aircraft industry of the 


GERMAN DEMOCRATIC REPUBLIC 


We supply aircraft, aircraft equipment, aircraft accessories, airport equipment and ground instal- 
lations of tested and proven quality. 


PAELLA GOAL 


GmbH 
BERLIN - BAUMSCHULENWEG - POSTSCHLIESSFACH 37 - TELEGRAMS : TECHNOCOMMERZ/BERLIN 





CONDE-.DUQUE DE OLIVARES—VELAZQUEZ | 
* 


7 Oa 


ee ee 


ie oy me 2 oe 





a Be ee Taek © i oer ae Un ee ie es es Oe ee a) om © 
=oaeenee : pendent . 





a 
E 
) 
a 
i 
i 
ft 
q 


at 


CONVAIR JET-L/NER 


MASTERPIECE OF a (OE Y GWItCE / 
“— ue Just as Velazquez expressed supreme elegance in 


his masterpieces of the 17th Century, Convair’s Jet-Liners will be the finest expression of elegance 
for travelers in the new jet age. With a totally new concept in luxurious décor by acclaimed artists in 
design and decoration, Convair’s 880 and 600 Jet-Liners will truly be modern masterpieces of elegance. 


First to offer Convair 880 or 600 Jet-Liner service will be TWA, DELTA, TRANSCONTINENTAL (Argentina), REAL-AEROVIAS (Brazil), S.A.S, SWISSAIR, AMERICAN 





